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NUCLEIC ACIDS ENCODING A G-PROTEIN COUPLED 
5 KECEPTORINVOLVEDINSENSORYTRANSDUCTION 

CROSS-REFERENCES TO RELATED APPUCATIONS 
This application claims priority to USSN 60/095,464, filed July 28, 1998, 
and USSN 60/1 12.747, filed December 17, 1998, herein both incoiporated by reference in 
10 their entirBty. 

STATEMENT AS TO FEDERALLY SPONSORED RESEARCH AND 
DEVELOPMENT 
This invoition was made with government support undo- Grant No. 5R01 
15 DC03160, awarded by the National Institutes of Heahh. The government has certain 
rights in this invadion. 

FIELD OF THE INVENTION 
The invention provides isolated nucleic add and amitift add sequoices of 
20 sensory cell specific G-protein coupled receptors, antibodies to such receptors, methods 
of detecting such nucldc adds and receptors, and methods of screening for moduktois of 
soisoiy cell specific G-protein coi^led recqitors. 

BACKGROUND OF TEE INVENTION 
25 . Taste transduction is one oftfae most sophisticated fiums of 

chemotransduction in animals (see. eg., Margplskee, BioEssays 15:645-650 (1993); 
Avenet&Lindemann,/McBi&rane&o/. 112:1-8(1989)). Gustatory signaling is found 
throughout the animal kingdom, fiom sinqile metazoans to the most complex of 
VCTtebrates; its main purpose is to provide a reliable signaling response to non-volatile 
30 Ugands. Each of these modalities is though to be mediated by distinct signaling palhways 
mediated by receptors or channels, leading to receptor cell depolarization, generation of a 
receptor or action potraitial, and release of neurotransmitter at gustatory afifeent neuron 
synapses {see. e.g.. Roper, Am. Rev. Neurosci. 12:329-353 (1989)). 

i 
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Mammals ate beKeved to have five basic taste modalities: sweet, bitter, 
sour, salty and unami (the taste of menosodium glutamate) (see, e.g., Kawamura & K^ie, 
Introduction to Unami: A Basic Taste (1987); Kiimamon & Cummings, Am. Rev. 

^ ^ 272:1-26 (1997)). Exteiisiveps3«!hophyacd s^ 

reported that di£feieiit regions of the tongue display different gustatory preferences (see, 
e.g., HoflBnann, Menchen. Arch. Path. Anat. Physiol 62:516-530 (1875); Bradley et al., 
Anatomicdl Record 212: 246-249 (1985); Miller & Reedy, Physiol. Behav. 47:1213-1219 
(1990)). Also, numerous physiological stadies in animals have shown that taste receptor 
cells may selectively respond to different tastants (see, e.g., Akabas et al. Science 
242:1047-1050(1988); Gilbertsone/flZ.y. Gen. Physiol. 100:803-24 (1992); Bernhardt 
eta., J. Physiol 490:325-336 (1996); Cummings et al, J. Neurophysiol 75:1256-1263 
(1996)). 

In mammals, taste receptor cells are assembled mto taste buds that are 
distributed into different papUlae in the tongue qjitheUum. Orcumvallate piq)illae» found 
at the very back of the tongue, contain hundreds (mice) to thousands (human) of taste 
buds and are particularly sensitive to bitter substances. Foliate pjqrillae, localized to the 
posterior lateral edge of the tongue, contain dozens to hundreds of taste buds and are 
particularly sensitive to sour and bitter substances. Fungiform papillae containing a 
single or a few taste buds are at the fiant of the tongue and are thought to mediate much 
of the sweet taste modality. 

Each taste bud, depending on the species, contain 50-150 cells, including 
precursor ceUs, support cells, and taste recq)tor cells (see, eg., Lindemami, Physiol Rev. 
76m^766 (1996)). Receptor cells are innervated at their base by afferent nerve endings 
that transmit information to the taste centers of the cortex through synapses in the brain 
Stem and thalamus. Elucidating the medianismsoftastecen signaling and information 
processing is critical for understanding the function, regulation, and "perception" of the 
sense of taste. 

Although much is known about the psychophysics and physiology of taste 
cell function, very little is known about the molecules and pathways that mediate these 
sensoiy signaling responses (reviewed by GUbertson, Current Opn. in Neurobiol 3:532- 
539 (1993)). Electrophysiological studies suggest that sour and salty tastants modulate 
taste ceU function by direct aiiiy of ET and Na* ions through specialized membrane 
diannels on the ^ical surface of the ceU. In the case of sour compounds, taste cell 
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dqwlarization is hypothesized to result fiom blockage of channels {see, e.g., 
Kinnamon et al, Proc. Nat 'I Acad. ScL USA 85: 7023-7027 (1988)) or activation of pH- 
sensitive diannels (see. e.g., GUbertson etaL.J.Gen. Physiol 100:803-24 (1992)); salt 
transduction may be partly mediated by the entiy of Na* via amiloride-sensitive Na* 
5 chamiels {see, e.g.. Heck et aL, Science 223:403-405 (1984); Brand et al. Brain Res. 207- 
214 (1985); Avenet et al.. Nature 331 : 351-354 (1988)). 

Sweet, bitter, and unami transduction are believed to be mediated by G- 
protein-coiq)led recq)tor (GPCR) signaling pathwsq^ {see, e.g., Striem et al, Biochem. J. 
260:121-126 (1989); Oiaudhari et al.,J._Neuros. 16:3817-3826 (1996); Wong et al., 

10 Nature 381: 796-800 (1996)). Confusingly, there are ahnost as many models of signaling 
pathways for sweet and bitter transduction as there are effector enzymes for GPCR 
cascades (e.g, G protem subunits, cGMP phosphodiesterase, phosphoKpase C, adenylate 
cyclase; see, e.g., Kinnamon & Margolskee, Curr. Opin. Neurobiol 6:506-513 (1996)). 
However, UtUe is known about the specific membrane receptors involved in taste 

15 transduction, or many of tiie individual intraceUular signalmg molecules activated by the 
individual taste transduction pathways. Identification of such molecules is nnportant 
given the numerous pharmacological and food mdustry ^fications for bitter antagonists, 
sweet agonists, and modulators of salty and sour taste. 

The identification and isolation of taste necqptcns Occluding taste ion 

20 chamiels), and taste fflgnahng molecules, such as G-protein subunits and enzymes 
involved m signal transduction, would allow fi>r the pharmacological and genetic 
modulation of taste transduction pathways. For example, availability of receptor and 
channel molecules would pemrit the screening fiir high afBnity agonists, antagonists, 
inverse agonists, and modulators of taste ceU activity. Such taste moduhiting compounds 

25 could then be used in the pharmaceutical and fi)od industries to customize taste. In 

addition, such taste cell specific molecules can serve as invaluable tools in the generation 
of taste topographic maps that eluddate the relationshq) between the taste ceUs of the 
tongue and taste sensory neurons leading to taste coit^ in the brain. 

30 SUMMARY OF THE INVENTION 

The present invention thus provides for the first tune nucleic adds 
encoding a taste ceU specific G-protein coupled receptor. These nucleic adds and the 
polypeptides that they oicode are referred to as "GPCR-B4" for G-protdn cotq)led 
3 
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receptor C'GPCR")B4. Itese taste ceUspecmcGPCRs arc compwifints of tbet^ 
transdactioii pathway. 

In one aspect, die presoit invention provides an isolated nucleic add 
encoding a sensoiy transduction G-protein coupled recq>tor, the receptor conqnising 
greater than about 70% amino add identity to an amino acid sequence of SEQ ID N0:1, 
SEQ ID N0:2, or SEQ ID N0:7. 

In one embodtmen^ Hbo micldc add conqnises a nucleotide sequence of 
SEQ ID N0:3. SEQ ID N0:4. or SEQ ID N0:8. In another embodiment, the nucleic acid 
is amplified by primers fliat selectively hybridize under stringent hybridization conditions 
to the same sequence as degenerate primer sets encoding amino add sequences selected 
fiom the group consisting of: SAGGPMCFLM (SEQ ID N0:5) and WMRYHCffYVF 
(SEQIDN0:6). 

hi another aspect, the present mvention provides an isolated nucleic add 
encoding a sensory transduction G-protein coupled receptor, wherdn the nucldc add 
specifically hybridizes under highly stringent conditions to a nucldc add having flie 
sequence of SEQ ID N0:3, SEQ ID N0:4, or SEQ ID N0:8. 

Li another aspect, the present invention provides an isolated nucldc add 
encoding a sensory transduction Gim>tdn coupled recqrtor. the receptor comprising 
greater than about 70% amino add identity to a polypq»tide having a sequence of SEQ ID 
Nai, SEQ ID NO:2.orSEQ ID N0:7, wherdn thenncldc add sdectiveJy hybridizes 
under moderately stringent hybridization conditions to a nucleotide sequence of SEQ ID 
N0:3, SEQ ID N0:4, or SEQ ID N0:8. 

Ja another aspect, the present invention provides an isolated nucldc add 
encoding an extraceltalar domain of a sensory transduction Gi>rotein coupled receptor, 
the extracelhilar domam having greater than about 70% amino acid sequence identity to 
the exhacellular domain of SEQ ID N0:1 . 

In aaoth&c aspect, the presait invention provides an isolated nucldc acid 
encoding a transmembrane domain of a sensory transduction G-protein coupled receptor, 
the transmembrane domain comprising greater than about 70% ammo acid sequence 
idoatity to the transmembrane domain of SEQ ID NO: 1 . 

hi another aspect, the presant invaition provides an isolated sensory 
transduction G-protein coupled receptor, the receptor comprising greater than about 70% 
amino acid sequence identity to an ammo add sequence of SEQ ID N0:1, SEQ ID N0:2, 
orSEQIDN0:7. 
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In <me onbodimeiit, flie reenter q)edfically bi^ 
antibodies generated against SEQ ID N0:1, SEQ ID N0:2, or SEQ ID N0:7. In another 
embodimrait, the recqrtor has G-piotein coupled receptor acti^^^ hi another 
embodiment, the recq)tor has an amino add sequence of SEQ ro NO^ 
SEQ ID N0:7. In another embodiment, the receptor is fiom a human, a rat, or a mouse. 

In one aspect, the present invention provides an isolated polypeptide 
conqaiang an exlraceltalar domain of a sensory transduction G-protein coupled receptor, 
the extraceihilar domain conqjrising greater than about 70% amino add sequence identity 
to tiie extracellular domain of SEQ ID NO:l. 

In one embodiment, the pofypeptide encodes the extracellular domain of 
SEQ ID NO: 1 . In another embodiment, the extracellular domam is covalently Imlred to a 
heterologous polypq)tide, forming a chimaic polypq>tide. 

In one aspect, flie present invention provides an isolated polypqitide 
comprismg a transmonbrane domain of a sraisoiy transduction G^tem coiq>led 
receptor, the transmembrane domam coirq>rismg greats than about 70% amino add 
sequmce identity to fbc transmembrane domam of SEQ ID NO:l. 

In one embodhnent, the polypeptide encodes the transmembrane domam 
ofSEQIDNO:!. In another embodhnent, the polypq)tide further conqmses a 
cytoplasmic domam conqnismg greatra^^ about 70% anuno add identity to the 
cytoplasmic domam OfSEQIDNO:!. hi another embodhnent, the polypeptide encodes 
flie cytoplasmic domam of SEQ ID N0:1. In another embodhnent, the transmembrane 
domam is covalently Uhked to a heterologous polypeptide, foiming a chimeric 
polypeptide. Li anofliar embodhnent, the chhneric polypeptide has G-protem coupled 
lecqitor activity. 

In one aspect, the present mvoition provides an antibody tiiat selectively 
bmds to the receptor comprising greater than about 70% amino add sequence identity to 
an amino acid sequence of SEQ ID N0:1, SEQ ID N0:2, or SEQ ID NO:7. 

In another aspect, tiie present invoition provides an expression vector 
comprising a nucleic add encodmg a polypq)tide comprishig greater than about 70% 
amino acid sequence idoitity to an ammo add sequence of SEQ ID N0:1, SEQ ID N0:2, 
orSEQIDNO:7. 

In another aspect, flie presmt mvention provides a host cell transfeded 
with the e}q)ression vertor. 
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In another asp&A, the present inventioa provides a method for identifymg a 
compoimd that modulates sensory signaling in sensoiy cells, the method con^msing the 
stq>s of: (i) contacting the compound with a polypqjtide comprising an extraceUular 
domam of a sensory transduction G^tem coapled receptor, the extraceUular domain 

5 conq>rising greater than about 7(m amino add sequence identity to the extract 
domam of SEQ ID N0:1, SEQ ID N0:2. or SEQ ID N0:7; and (ii) detemuning the 
functional effect of the compound upon the extracellular domain. 

In another aspect, the present invention provides a method for identifying a 
compound that modulates sensory signajmg in sensoiy cells, the method comprising the 

0 steps o£ (i) contacting the conq)ound with apolypeptide comprising an extraceUular 
domam of a sensory transduction G-protein coi^led recq)tor. the transmembrane domain 
comprising greater than about 70% amino add sequence identity to the extraceUular 
domain of SEQ ID NO:l. SEQ ID N0:2, or SEQ ID NO:7; and fii) determining fte 
functional effect of the compound upon die transmembrane domain. 

5 one embodiment, the polypeptide is a sensory transductioaGiHotein 

coupled receptor, the receptor comprismg greater than iibout 70% ammo add identity to a 
polypeptide encoding SEQ ID NO:l, SEQ ID N0:2, or SEQ ID N0:7. In another 
embodunent, polypeptide conqirises an ejrtraceUular domam that is covalently Unked to a 
heterologous polypeptide, forming a chimeric polypq)tide. In ano&er embodunent, the 

0 polypqrtide has G^Hotein coupled receptor activity. In another embodiment, the 
extracdlular domam is linked to a soM phase, dflier covalently or non-covalently In 
anothar embodhnrait, the fimctional effect is determined by measuring changes in 
mtraceUular cAMP. IPS, or Ca*^. hi another embodiment, the fimctional effect is a 
diemical effect In another embodiment, the functional effect is a chemical effect In 

S anoflia embodiment, the fimctional eflfed is determined by measuring bmding of the 
compound to the extraceUular domam. hi another embodiment the polypeptide is 
recombhiant hi another embodunent the polypq)tide is expressed in a cell or ceU 
manbrane. In another embodiment the ceU is a eukaryotic ceU. 

In one embodiment the polypeptide comprises an transmemhiane domam 

) that is covalentiy linked to a heterologous polypeptide, forming a chimeric polypeptide. 

In one aspect the present mvention provides a method of making a 
sensory transduction G-protein coupled recqitor, the method comprismg the step of 
expressmg the recqitor fiom a recombinant expression vector comprising a nuclac add 
encoding the receptor, wherem the amino add sequence of the receptor comprises greater 
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than about 70% amino add identity to a potypqitide having a seqooice of SEQ ID NO: 1, 
SEQ ID N0:2, or SEQ ID N0:7. 

In one aspect, the present invention provides a method of makmg a 
recombinant ceU comprising a smsQiy transduction G-protran coiQ)led 
5 method comprising the stq>oftiansducing the ceU with an expression vector compri^^ 
a nucldc add encoding tiie recq>tor, wherdn the amino add sequence of the recq)tor 
comprises greater than about 70% amino add identity to a polypeptide having a sequoice 
of SEQ ID NO: 1, SEQ ID N0:2, or SEQ ID NO:7. 

In one aspect, the present invention provides a method of makmg an 
10 recombinant expression vector comprising a nucldc acid aicoding a sensory transduction 
G-protdn coupled receptor, the method comprising the step of ligating to an expression 
vector a nucldc acid encoding the recq)tor, who^in the amino add sequence of flie 
receptor comprises greater than about 70% amino acid identity to a polypq>tide having a 
sequence of SEQ ID N0:1, SEQ ID N0:2, or SEQ ID N0:7. 

15 

BRIEF DESCRIPTION OF THE DRAWINGS 
Not ^licable. 

DETAILED DESCRIPTION OF THE INVENHON 

20 Llntrodoction 

The present invention provides for flie first time nucldc adds eicoding a 
taste cell ^edfic G-protdn coiq)led receptor. These nucldc acids and the receptors that 
they oicode are refoied to as "GPCR" fijr G-protdn coupled recq)tor, and are designated 
as GPCR-B4. These taste cell specific GPCR are components of flie taste transduction 

25 pathway {see, e.g.. Example II). These nucldc acids provide valuable probes for the 
idoitification of taste cells, as the nucleic acids are specifically expressed in taste cells. 
For example, probes for GPCR polypeptides and protems can be used to identity subsets 
of taste cells such as foliate cells and circumvallate cells, or specific taste receptor cells, 
e.g., sweet, sour, salty, and bitter. They also serve as tools for the generation of taste 

30 topogr^hic maps that elucidate the relationship between the taste cells of tiie tongue and 
taste sensory neurons leading to taste centers in the brain. Furtiiennore, the nucldc adds 
and die proteins they aicode can be used as probes to dissect taste-induced behaviors. 

The invention also provides methods of screoiing for modulators, e.g., 
activators, iidiibitors, sthnulators, eaihancCTS, agonists, and antagoniste, of tiiese novel 
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taste ceUGPCRs. Such modulatoisoftastetraiisdiiction are useM far ph^^ 
and genetic modulation of taste signaling pathways. Ihese methods of screening can be 
used to idmtify hig^ afOnity agonists and anta^nists of taste cell activity. These 
modulatoiy conq)ounds can then be used in flie food and phannaceotical industries to 
5 customize taste. Thus, the invention provides assays for taste modulation, where GPCR- 
B4 acts as an direct or indirect Tcpoiter molecule for the effect of modulators on taste 
transduction. GPCRs can be used in assays, e.g., to measure changes in ion 
concentration, membrane potential, current flow, ion flux, transcription, signal 
transduction, recq)tor-ligand interactions, second messenger concraitrations, in vitro, in 

10 vivo, and ex vivo. In one embodiment, GPCR-B4 can be used as an mdkectrq)ortCT via 
attachment to a second reporter molecule such as grecai fluorescmt protein (see. e.g., 
MistiU & Spector, Nature Biotechnology 15:961-964 (1997)). In another anbodunent, 
GPCR B-4s are recombinantiy expressed in cells, and modulation of taste transduction 
via GPCR activity is assayed by measuring changes m Ca**^ levels {see Exanq)le II). 

1^ Methods ofassaymgformodulatoisoftaste transduction include utvi^ 

ligand bmding assays usmg GPCR-B4, portions thereof such as the esctraceUnlar domam, 
or chimoic proteins comprismg one or more domains of GPCR-B4, oocyte C^€:3l-B4 
exjnessiQn; tissue culture cell GPCR-B4 esqnesaon; transcriptional activation of GPCR- 
B4; phosphoi3^on and dephosphoiylatiQn of GPCIls; G-protem binding to GPCRs; 

20 Ugandbindmg assays; vohage, membrane potoitial and conductance changes; ion flux 
assays; changes in mtracdlnhu: second messengos such as cAMP and ino^tol 
triphosphate; changes m mtracelhtiar caldum levels: and neurotransmitter release. 

Finally, the mvention provides for me&ods of detecting GPCR-B4 nucleic 
acid and protein ejqjression, allowing investigation of taste transduction regulation and 

25 specific identification oftaste receptor cells. GPCR-B4 also provides useful nucleic add 
probes for paternity and forensic investigations. Ca>CR-B4 is useful as a nucleic acid 
probe for identifying subpopulations of taste recq)tor cells such as foliate, fimgiform, and 
circumvallate taste receptor cells. GPCR-B4 receptors can also be used to generate 
monoclonal and polyclonal antibodies usefiil for identifying taste recq)tor cells. Taste 

30 receptor cells can be identified using techniques such as reverse transoiption and 

ampUfication of mRNA, isolation of total RNA or poly A* RNA, northern blotting, dot 
blotting, in situ hybridization, RNase protection, SI digestion, probing DNA miaochip 
arrays, western blots, and the hke. 



f 
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FunctionaUy, (H>CR-B4 represents a sevai transmemtnane CHproteiii 
coiq}led receptor involved in taste transduction, vrfiich interacts with a G-protem to 
mediate taste signal tiansductian {see, eg., Fong, CeU Signal 8:217 (1996); Baldwin. 
Cwr. Optn. CeU Biol 6:180(1994)). 
5 Structmalfy, the nucleotide sequence of GPCR-B4 {see. e.g., SEQ E) 

NOS:3-4 and 8, isolated fiom la^ mouse, and human respectively) encodes a polypeptide 
of proximately 842 amino adds with a predicted molecular weight of q)proximately 97 
kDa and a predicted range of 92-102 kDa {see. eg, SEQ ID N0S:l-2 and 7, isolated 
fiom rat, mouse, and human). Related GPCR-B4 genes from other species share at least 

10 about 70% amino acid identity over a amino acid region at least about 25 amino acids in 
length, optionally 50 to 100 amino acids in length. GPCR-B4 is specifically expressed in 
foliate and fimgifonn cells, with Iowct expression in circumvallate taste receptor cells of 
the tongue. GPCR-B4 is an moderately rare sequence found in q>pioxin]atety 1/150,000 
cDNAs fixjm an oUgo-dT primed circumvallate cDNA libtaiy (see Example J). 

1 5 The jffes^ inva)ti<ni also provides polynunphic variants of die C3'CR-B4 

depicted in SEQ ID N0:1: variant #1, in which an isoleudne residue is substituted fiir a 
leucine acid residue at amino add positian 8; variant #2, in whidi an aspaitic add residue 
is substituted fi>r a ghitamic add residue at amino add positim 26; and variant #3, in 
which a gilydne reddue is substituted fiir an alanine residue at amino add position 46. 

20 Specific regions of the GPCR-B4 nucleotide and ammo add sequence may 

be used to identify polymoiphic variants, interqiedes homologs, and alleles of (a»CR-B4. 
This identification can be made in vitro, e.g., under stringent hybridization conditions or 
PGR (usmg primers encoding SEQ ID NOS:5-6) and sequencing, or by using flie 
sequence information in a computer system for comparison with other nucleotide 

25 sequences. Typically, identification of polymorphic variants and alleles of GPCR-B4 is 
made by comparing an amino acid sequence of about 25 amino adds or more, e.g., 50- 
1 00 amino adds. Amino acid identity of approximately at least 70% or above, optionally 
80% or 90-95% or above typically demonstrates tiiat a protein is a polymoiphic variant, 
interspedes homolog, or allele of GPCR-B4. Sequence conqwrison can be perfonned 

30 using any of the sequence conq)arison algoriflmis discussed below. Antibodies fliat bind 
specifically to GPCR-B4 or a conserved region thoeof can also be used to identify 
alleles, interspedes homologs, and polymoiphic variants. 

Polymoiphic variants, interspedes homologs, and aUeles of GPCR B4 are 
confiimed by examining taste cell spedfic eqnession of tiie putative GPCaR.-B4 
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polypeptide. TypicaUy.GPCR.B4haviiigtheaiiiiiioaddseqii<mceofSEQroNO:l^^ 
7 is used as a positive control in comparison to flie putative GPCR-B4 protein to 
demonstrate the identification of apotymoiphic variant or aUele of C5PCR-B4. TTie 
polymoiphic variants, alleles and interspedes hamologs aie expected to retain the seven 



<a'CR.-B4 nucleotide and amino add sequence information may also be 
usedtoconstrortmoddsoftasteceUspedficpolypqjtidesinacomputersyst^^^ These 
models aie subsequently used to identify compounds that can activate or inhibit GPCR- 

B4. Siichcompounds1hatmodulatetheactivityofGmiB4canbeusedtDmvestigate 
the role of GPCR-B4 in taste transduction. 

The isolation of GPCR-B4 for the first time provides a means for assaymg 
for inhibitors and activators of G-protein coupled receptor taste transduction . 
Biologically active GPCR-B4 is usefiil for testmg inhftitors and activators of GPCR-B4 
as taste transducers using in vivo and in vitro expression that measure. e.g.. transcriptional 
activation of GPCR-B4; Ugand binding; phosphorylation and dcphosphorylation; binding 
to G-proteins; G-protein activation; regulatory molecule binding voltage, membrane 
potential and conductance changes; ion flux; intraceUnlar second messeng«as sudi as 
cAMP and inositol tiiphosphate; intracelhilar caldum levels; and nemotransmitter 
release. Such activators and inhibitorB identified using aPCR-B4. can be used to fiother 
study taste transduction and to identify specific tasle agonists and antagonists. Such 
activators and inhibitors are useful as pharmaceutical and food agents for customizing 
taste. 

Mefliods of detecting GPCR B4 nucleic adds and expression of GPCR-B4 
are also useful for identifying taste cells and creating topological maps of the tongue and 
flie relation of tongue taste recqjtor cells to taste sensory neurons in tiie brain. 
Chromosome localization of flie genes encodmg human Ca>CR-B4 can be used to identify 
diseases, mutations, and tiaits caused by and assodated witii GPCR-B4. 

n. Definitions 

As used herein, flie foflowing trams have flie meanmgs ascribed to ttiem 
unless specified otherwise. 

'Taste receptor cells" are neurocpiflielial cells fliat are organized into 
groups to form taste buds of tiie tongue. e.g.. foKate, fungiform, and ciroumvallate cells 
(see. e.g.. Roper etaL, Am. Rev. Neurosci. 12:329-353 (1989)). 
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"GPCR-B4," also caUed "012," lefias to a G-protein coupled receptor Qtat 
is specificaUy expressed in taste rccq)tor cells such as foliate, fungifonn, and 
circumvallate cells {see, eg., Hoon et aL. Cell 96:541-551 (1999), herein incoiporated hy 
reference in its entirety). Such taste cells can be identified because Iheyejqiress specific 
molecules such as Gustdudn, a taste ceH specific G protem (McLaughin et aL. Nature 
357:563-569(1992)). Taste receptor cells can also be identified on Ihe basis of 
moiphology {see, e.g.. Roper, Ji^pro). Cff CR-B4 has the ability to act as a receptor for 
taste transduction, as described in Exanq)le n. 

GPCR-B4 encodes GPCRs with seven transmembrane regions that have 
"G-protdn coupled receptor activity," e.g., thqr bind to G-proteins in response to 
extracellular stimuK and promote production of second messengers such as IPS, cAMP, 
and Ca^ via stunulation of enzymes such as phosphoIqKise C and adenylate cyclase (for a 
description of the structure and function of CTCRs, see, e.g., Fong, stqfm, and Baldwm, 
supra). 

The term GPCR-B4 dierefore refers to polymorphic variants, alleles, 
mutants, and interspecies homologs that (1) have about 70% ammo add sequence 
identity, optionaUy about 75, 80, 85, 90, or 95% amino add sequence identity to SEQ ID 
N0S:I-2 and 7 over a window of about 25 amino adds, optionally 50-100 amino adds; 
(2) bmd to antibodies raised against an inmnmogen cooqiridng an amino add sequence 
selected fixim flie group consisting of SEQ ID NO: 1-2 and 7 and conservatively modified 
variants thereof (3) specifically hybridize (with a size of at least about 500, qptionafly at 
least about 900 nucleotides) under stringent hybridization conditions to a sequence 
selected firan flie group consisting of SEQ ID NO:3-4 and 8, and conservatively modified 
variants thereof, or (4) are amplified by primers that specifically hybridize under stringent 
hybridization conditions to flie same sequence as a degenerate primer sets encodmg SEQ 
IDNOS:5-6. 

Topologically, sensory GPCRs have an N-terminal "extracellular domain," 
a "transmembrane domain" comprising seven transmranbrane regions and corresponding 
cytoplasmic and extracellular loops, and a C-terminal "cytoplasmic domain" (see. e.g.. 
Hoon et al.. Cell 96:541-551 (1999); Buck & Axel, Cell 65:175-187 (1991)). These 
domains can be structurally identified using mefliods known to those of skill in the art, 
such as sequence analysis programs that identify hydrophobic and hydrophiUc domains 
(see, e.g., Kyte & DooUttle, J. Mol Biol 157:105-132 (1982)). Such domams are usefiU 
for making diimaic protdns and for in vitro assays of the invaition. 
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•*Extracellular domain" Ifaerefore refas to the domaui of GPCS.-B4 fliat 
protrudes from the cellular memhrane and bmds to extraceUular ligand. This region starts 
at the N-tenninus and aids approximately at the conserved glutamic acid at amino add 
position 563 plus or mmus appraxhnately 20 ammo adds. The region coiiesponding to 
5 amino adds 1-580 of SEQ ID N0:1 (nucleotides 1-1740. with nucleotide 1 starting at the 
ATG initiator methionine codon) is one embodiment of an extraceUular domain that 
extends slightly into the transmembrane domain. This embodiment is useful for in vitro 
ligand bindmg assays, both soluble and solid phase. 

"Transmembrane domaii!," comprising seven transmembrane regions plus 
10 the cwresponding cytoplasmic and extraceUular loops, refers to the domain of GPCR-B4 
that starts approximately at the conserved glutamic add residue at amino add position 
563 plus or mmus jqjpToximately 20 amino adds and mds approximately at flie conserved 
tyiDsme amino acid residue at position 812 plus or minus approximately 10 amino acids. 

"Cytoplasmic domain" refers to the domain of GPCR-B4 that starts at the 
15 conserved tyrosine amino add residue at position 812 plus or minus qiproxunately 10 
amino adds and continues to the C-tenninus of the polypeptide. 

"Biological sample" as used herein is a sanq>le of biological tissue or fluid 
that contains GPCR-B4 or nucldc add encoding GPCR-B4 piotem. Such samples 
include, but are not lunited to, tissue isolated from humans, mice, and rats, m particular, 
20 toa Biologicdsanqiles may also uudude sections oftissuessudi as fiozen sections taken 
for histological purposes. A biological sanq>le is typicaUy obtained ftom a eukatyotic 
organism, such as insects, protozoa, bmis, fish, reptUes, and preferably a mammal such as 
ra^ mouse, cow, dog, guinea pig, or rabbit, and most preferably a primate such as 
chunpanzees or humans. Tissues mdude tongue tissue, isolated taste buds, and testis 
25 tissue. 

"GPCR activity" refers to the abiUty of a GPCJR to transduce a signal. 
Such activity can be measured in a heterologous ceU, by coupUng a GPCR (or a chimeric 
GPCR) to either a G-protdn or promiscuous G-protdn such as Gal 5, and an enzyme 
such as PLC, and measuring increases in intraceUular calcium usmg (Oflfemians & 
30 Simon, J. Biol. Chem. 270:15175-15180 (1995)). Receptor activity can be effectively 
measured by recording hgand-induced changes in [Ca^, using fluorescent Ca^*-indicator 
dyes and fluorometric imaging. Optionally, the polypeptides of the invention are 
involved in sensory transduction, optionaUy taste transduction m taste ceUs. 
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Hie phrase '^au^anal effect in the coDtext of assays for testing 
compounds that modulate GPCR-B4 mediated taste transduction inchides flie 
deteimmation of any parameter that is indirectly or direcfly undo- the influence of the 
recq>tor, e.g., fimctional, physical and chemical effects. It inctodes ligand bhiding, 
changes m ion flux, memhtane potential, cuncnt flow, ttansraiption, G-protein binding, 
GPCRphosphoiylation or dephosphoiyiation, signal transduction, receptor-hgand 
interactions, second messenger concenhations (e.g., cAMP, IP3, or intraceUular Ca^, in 
vitro, in vivo, and ex vfwo and also mchides o&a- physiologic effects such increases or 
decreases of neurotransmitter or hormone release. 

By "determining the functional effecT is meant assays for a compound 
that increases or decreases a parameter that is indirectly or direcfly under flie mfluence of 
GPCR-B4, e.g., functional, physical and chemical effects. Such fimctional effects can be 
measured by any means known to those skmed in flie art, e.g., changes in spectroscopic 
characteristics (e.g., fluorescence, absoibance, refiactive mdex), hydrodynamic (e.g., 
sh^e), chromatographic, or solubility properties, patch clanqiing, vohage-seositive dyes, 
whole cell currents, radioisotope efllux, inducible mariters, oocyte GPCR-B4 expression; 
tissue culture ceU CTCR-B4 expression; ti:anscriptional activation of Ca»CR-B4; ligand 
binding assays; voltage, membrane potential and conductance changes; ion flux assays 
changes in mtracdhdar second messengers such as cAMP and mositol triphosphate (1P3); 
changes in intraceiUular calchnn levels; neurotransmitter release, and flie Kke. 

"Inhibitots," "activators.'' and "modulators'' of GPC3R-B4 are used 
interchangeably to refer to inhibitory, activating, or modulating molecules identified 
using in vitro BoA in vivo assays for taste tiansduction, e.g., ligands, agonists, antagonists, 
and flieir homologs and mimetics. Inhibitors are compounds that, e.g., bind to, partiaUy or 
totally block stimuhtion, decrease, prevent, delay activation, inactivate, desensitize, or 
down regulate taste transduction, e.g.. antagonists. Activators are compounds fliat, e.g., 
bind to, stimulate, increase, open, activate, fecihtate, enhance activation, sensitize or up 
regulate taste transduction, e.g., agonists. Modulators include compounds that, e.g., alter 
tiie interaction of a receptor witti: extiaceUular proteins tiiat bmd activators or inhibitor 
(e.g., ebnerin and other members of flie hydrophobic carrier family); G -proteins; li 
(e.g., homologs of rhodopsin kinase and beta adrenergic recqjtor kinases fliat ate 
involved in deactivation and desensitization of a receptor); and arrestin-like proteins, 
which also deactivate and desensitize receptors. Modulators include genetically modified 
VMsions of (^CR.B4, e.g., wifli altered activity, as well as natiirally occurring and 
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synthetic ligands, antagonists, agonists. smaU dionical molecoles and the like. Sudi 
assays for inhibitors and activators include, e.g., expressing CTCR-B4 in cells or ceB 
membranes, applying putative modulator compounds, and then detamiiiing the functional 
efifects on taste transduction, as described above. Samples or assays conqnising CTCR- 
5 B4 that are treated with apotential activator, inhiT)itor, or modulator are conqiared to 
control samples without the inhibitor, activator, or modulator to examine the extent of 
inhibition. Contiol samples (untreated with inhibitors) are assigned a relative GPCR-B4 
activity value of 100%. hihibition of (SPCR-B4 is achieved when the (a»CR-B4 activity 
value rehitive to the control is about 80%, optionally 50% or 25-0%. Activation of 

10 GPCR-B4 is adiieved when the GPCR-B4 activity value relative to the control is 1 10%, 
optionally 150%, optionaUy 200-500%, or 1000-3000% higher. 

"Biologically active" GPCR-B4 refers to GPCR-B4 having GPCS. activity 
as described above, involved in taste transduction in taste receptor cells. 

The terms "isolated" "purified" or "biologically pure" refer to material that 

15 is substantially or essentially fiiee fijom componaits vMcix normally acconqiany it as 
found in its native state. Purity and homogeneity are typically determined usmg 
analytical chemistry techniques such as polyaayhmiide gel elecbopfaoresis or 
performance liquid chromatography. A protein that is tiie predominant species present in 
a pttspara&oa is substantially purified. In particdar, an isolated CaPCR-B4 nucleic acid is 

20 separated fiomopm reading fiames that flank flic (ffC3l-B4 gene and encode 

oflier than CPCR-B4. The term >rificd" denotes that a nucleic acid or protein gives rise 
to essentially one band in an electrophorBtic geL Particularly, it means fliat tiie nucleic 
add or protein is at least 85% pure, optionally at least 95% pure, and optionaUy at least 
99% pure. 

25 ••Nucleic add" refers to deoxyribonucleotides or ribonucleotides and 

polymers fliereof in dflier smgje- or double-stranded form. The term encompasses 
nucldc acids containing known nucleotide analog or modified backbone residues or 
linkages, which are synthetic, naturally occurring, and non-naturaUy occuTring, which 
have similar binding properties as the reference nucleic acid, and which are metabolized 

30 in a manner similar to the reference nucleotides. Examples of such analogs include, 
witiiout limitation, phosphorofliioates, phosphoramidates, mettiyl phosphonates, chiral- 
melhyl phosphonates, 2-amethyl ribonucleotides, pq>tide-nucldc acids (PNAs). 

Unless othawise mdicat^ a particular nucldc add sequence also 
in5)licitiy enconq)asses conservatively modified variants thereof (e.g., degenerate codon 
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substitutions) and complementary sequaices, as weU as flie sequence raq>Iidtly indicated. 
SpedficaUy, degenerate codon substitutions may be achieved by generating sequences in 
which thethirdpositionof one or more selected (or aU) codons is substituted with mixed- 
base and/or deoxyinosinereadues(Batzffcf a/., iViicfefcyicW 19:5081 (1991); 
Ohtsukaer«/.,^i?to£ Oiew. 260:2605-2608 (1985); RossolM CdlProbes 
8:91-98 (1994)). The term nucleic add is used inteichangesibly with gene, cDNA, 
mBNA, oligonucleotide, and polynucleotide. 

The terms "^polypeptide," '^tide" and "protem" are used mterchangeably 
herein to tefe to a polynier of amino acid residues. The terms apply to amino acid 

polymers in which one ormore amino acid residue is an artifidal chanical mhnetic of a 
corresponding naturally occurring amino acid, as weD as to naturally occuning amino 
acid polymers and non-naturally occurring amino acid polymer. 

The tem "amino acid" refers to naturaUy occurring and synthetic amino 
adds, as well as amino add analogs and amino add mimetics that function in a manner 
similar to the naturaUy occurring amino acids. Naturally occurring amino adds are those 
encoded by the genetic code, as weU as those ammo adds that are later modified, e.g^ 
hydroxyproline, y-carboxyglutamale, and 0-phosphoserine. Amino add analogs refers to 
compounds that have the same bade chemical structure as a naturally occurring amino 
acid, i.e.. an a cari)on that is bound to a hydrogen, a cariwxyl group, an amino grot?), and 
an R group, e.g., homosoine, norieudne, methionine sulfoxide, methionine methyl 
sulfimium. Sudi analogs have modified R groups (e.g., norieudne) or modified pqptide 
backbones, but retdn the same bade chemicd structure as a naturally occurring amin^ 
add. Ammo add mimetics refers to diemicdconqwunds that have a structure that is 
different flran the genoal chemical structure of an amino add, but that fimctions in a 
manner similar to a naturally occurring amino add. 

Amino adds mjQr be referred to herem by dther their commonly known 
tiiree letter synibols or by the Que-letter symbols recommended by the lUPAC-IUB 
Biochemical Nomenclature Commission. Nucleotides, likewise, may be referred to by 
their commonly accepted single-letter codes. 

"Conservatively modified variants" applies to bofli ammo add and nucldc 
acid sequences. With respect to particular nucldc acid sequences, conservatively 
modified variants refers to those nucleic adds which encode identical or essentiaUy 
identical amino acid sequences, or where the nucldc acid does not encode an amino add 
sequence, to essentiaUy identical sequences. Because of the degeneracy of tiie genetic 



code, a large niimbCT of fimctionany idodical nocldc adds encode my gtven protein. 
For instance, flie codons GCA, GCC, GCG and GCU all encode the amino add alanine. 
Thus, at every position where an alanine is spedfied by a codon, the codon can be altered 
to any of the corresponding codons described without altraing the encoded polypeptide. 
Such nncldc add variations are "silent variations," which are one spedes of 
conservatively modified variations. Eveiy nucldc add sequence herdn which encodes a 
polypq)tide also describes every possible sUent variation of the nucleic acid. One of sIdU 
will recognize that eadi codon in a nucldc add (except AUG, whidi is orduiarily the 
only codon for methionine, and TOG. which is ordinarily the only codon for tryptophan) 
can be modified to yield a fimctionally identical molecule. Accordmgly, each dloit 
variation of a nuddc add whidi encodes a po]ypq)tide is mq>lidt m eadi described 



As to amino add sequences, one of skin will recognize that mdividual 
substitutions, deletions or additions to a nucldc acid, peptide, polypeptide, or prolan 
sequence which alters, adds or deletes a single ammo add or a smaU percentage of anuno 
acids m tiie encoded sequence is a "conservatively modified varianT where the alteration 
results m the substitoition of an ammo add wifli a diemically shnihir ammo add. 
Conservative substitution tables providing fimctionaUy snnihff amino adds are wdl 
known m the art Such conservatively modified variants are m addition to and do not 
exdude polymorphic variants, interapedes homologs, and alleles of flie invention. 

The Mowing right groups each contam amino adds flut are conservative 
substitutions for one another 

1) Alanme (A), Glycme (G); 

2) Aqartic add (D), Glutamic acid (E); 

3) Aqjaragme (N), Ghitamine (Q); 

4) Arginine(R),Lysme(K); 

5) Isoleucine (I), Leucine (L), Methionine (M). Valme (V); 

6) Phenylalanine (F), Tyrosine (Y), Tryptophan (W); 

7) Serine (S), Threonine (T); and 

8) Cysteine (C), Methionine (M) 
(see, e.g., Creighton, Proteins (1984)). 

Macromolecular shuctures such as polypq)tide structures can be described 
in terms of various levels of organization. For a general discussion of this organization, 
see. e.g., Alberts & «/., Molecular Biology of the Cdl (3** ed., 1994) and Cantor and 
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Schimmel, Biophysicdl Chemistry Part I: The Conformation cf Biological 
Macromoleades (1980). "Primaiy structure" refers to the amino acid sequence of a 
particular peptide. "Secondary structure" refers to locally ordered, three dimensional 
structures within a polypeptide. These structures are commonly known as domains. 
Domains are portions of a polypeptide that form a compact unit of the polypeptide and 
are ^ically 50 to 350 amino adds long. Typical domains are made up of sections of 
lesser organization such as stretches of p-sheet and a-hcKces. 'Tertiaiy structure" refeis 
to flie complete three dimensional structure of a polypq)tide monomer. "Quaternary 
structure" refers to the three dimensional structure formed by the noncovalent association 
of mdependent tertiary units. Anisotropic terms are also known as mergy terms. 

A "label" or a "detectable moi^' is a conq)osition detectable by 
spectroscopic, photochemical, biochemical, immunodienrical, or chemical means. For 
example, useful labels include ^^P, fluorescent dyes, electron-dense reagents, enzymes 
(e.g., as commonly used in an BUS A), biotin, digoxigemn, or haptens and protans for 
which ant or 7 can be made detectable, e.g., by mcorporatmg a radioliibel into the pq)tide, 
and used to detect antibodies specifically reactive with the peptide). 

A "labeled nucleic add probe or oligonudeotider is one that is bound, 
dflier covalently, through a linkw or a diemical bond, or noncovaloitly, through iomc, 
van der Waals, electrostatic, or hydrogai bonds to a hibel such that the presence of the 
probe may be detected by detecting the presence of the labd bound to the probe. 

As used herdn a "anddc add probe or oUgonucleotide'' is defined as a 
nucldc add capable of bindmg to a targrt nucleic add of complementary sequence 
through one or more ^rpes of chranical bonds, usually flffough complranentary base 
pairing, usually through hydrogen bond foimation. As used herein, a probe may mclude 
natural (i.e.. A, G, C, or T) or modified bases (7-deazaguanosine, inosine, etc.). hi 
addition, tiie bases in a probe may be joined by a linkage otha: than a phosphodiester 
bond, so long as it does not interfere wifli hybridization. Thus, for example, probes may 
be peptide nucleic acids in which the constituent bases are jomed by peptide bonds rather 
than phosphodiester linkages. It will be understood by one of skill m die art that probes 
may bind target sequences lackmg complete complanaitarity with the probe sequence 
depending upon the stringency of the hybridization conditions. The probes are optionally 
directly labeled as with isotopes, chromophores, lumiphores, chromogens, or indirectly 
ld>ded such as with biotin to \\^ch a streptavidin complex m^ latw bind. By assaying 
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for the presence or absence of the probe, one can detect the presoice or absence of the 
select sequence or subsequence. 

The torn *^:ecQmbmant" when used wifli reference, e.g./to a cell, or 
nucleic add, protein, or vector, indicates that the cell, nucleic add, protein or vector, has 
5 been modified by die introduction of a heterolo^us nucldc add or protein or the 
alteration of a native nuddc add ot protdn, or diat the cell is daived ftom a cell so 
modified. Thus, for example, recombinant cells express genes that are not found within 
the native (non-recombinant) form of the cell or express native genes that are otherwise 
abnormally expressed, under expressed or not expressed at alL 

10 The term "heterologous" when used with reference to portions of a nucldc 

acid indicates that the nucleic acid conqirises two or more subsequences that are not 
found in die same relationship to each other in nature. For instance, the nucldc add is 
typically recombinanfly produced, having two or more sequences fiom unrelated genes 
arranged to make a new functional nucldc add, e.g., a promotar fiom one source and a 

IS coding region fi^omanothor source. Similarly, a hrtoologous protdn indicates that the 
protein conqnises two or more subsequences that are not faand in the same idadonsh^ to 
each otho: in nature (e.g., a fiision protdn). 

A ''promoter" is defined as an array of nucldc add control sequences diat 
direct transcription ofa nucldc add. As used hodn, a promoter inchides necessary 

20 nucldc add sequences near the start site of transaq>1ion, sudi as, in Ote case ofa 
polymerase H type promoter, a TATA dement A promoter also optionally inchides 
distal enhancer or repressor dements, which can be located as much as sev«al tiiousand 
base pairs fixan the start site of transoiption. A "constitutive'* promoter is a promoter that 
is active unda: most envhonmental and developmental conditions. An "inducible" 

25 promoter is a promoter that is active under environmental or developmental regulation. 
The tenn "operably linked" refers to a functional linkage between a nucldc acid 
eTtpression control sequmce (such as a promote:, or array of transraiption &ctor binding 
sites) and a second nucldc acid sequence, wherdn the expression control sequence 
directs transcription of the nucldc acid corresponding to the second sequence. 

30 An "expression vector" is a nucleic acid construct, generated 

recombinanfly or synthetically, with a series of specified nucleic add elements that 
permit hransoiption ofa particular nucldc add in a host cell. The ejqjression vector can 
bepartofaplasmid,vmis,ornucleicaddfiagment Typically, the expression vector 
inctades a nucldc acid to be transcribed opraably linked to a promoter. 
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The tenns "identicar orpaxjent 'identity," in the context of two or more 
nucleic adds or polypeptide sequences, refer to two or more sequences or subsequences 
that are the same or have a specified percoitage of amino add lesidues or nucleotides that 
are the same Ci-e.. 70% identity, optionally 75%. 80%, 85%. 90%. or 95% idaitity over a 
5 spedfied region), when compared and aligned fiwmaximmn correspondence over a 
conq)arison window, or designated region as measured using one of the following 
sequence conq)arison algorithms or by manual alignment and visual inspection. Such 
sequences are thai said to be "substantially idoitical" This definition also refers to flie 
compliment of a test sequence. Optionally, the identity exists over a region that is at least 
10 about 50 amino acids or nucleotides in length, or more preferably over a region that is 75- 
100 amino acids or nucleotides in length. 

For sequence con^arison, typicaUy one sequence acts as a reference 
sequence, to which test sequences are cranpared. When using a sequoice comparison 
algorithm, test and reference sequences are entoed into a conqniter, snbsequaice 
15 cooidinates are designated, if necessaiy, and sequence algorithm program parameters are 
designated Default program parametera can be used, or alternative parameteis can be 
designated. The sequence comparison algorithm then calculates the pacent sequence 
identities fi)r tbe test sequences relative to the reference sequence, based on the program 
parametras. 

^ A "conq>arison window", as nsed hodn, inchides refovnce to a segmoit 

of any one of the number of contiguous positions selected fiom the group consisting of 
ftom 20 to 600, usually about 50 to about 200, more usually about 100 to about 150 in 
whidi a sequence may be compared to a reference sequence of the same number of 
contiguous positions after fee two sequences are optimally aligned. Methods of 

25 alignment of sequaices for comparison are well-known in the art Optimal alignment of 
sequences for comparison can be conducted, e.g., by the local homology algorithm of 
Smith & Waterman, Adv. Appl. Math, 2:482 (1981), by the homology ahgmnent 
algorithm of Needleman & Wunsch, J. Mol. Biol. 48:443 (1970), by the search for 
similarity method of Pearson & Lipman, Proc Nat'l Acad. ScL USA 85:2444 (1988), by 

30 computerized implementations of these algorithms (GAP, BESTFTT. PASTA, and 

TFASTA in the Wisconsin Genetics Software Padrage, Genetics Computer Group, 575 
Sdence Dr.. Madison, WI), or by manual alignmoit and visual inspection (see, e.g.. 
Current Protocols in Molecular Biology (Ausubd et al., eds. 1995 supplement)). 
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One example of a useftl algoriflim is PILEUP. PILEUP oeates a multqile 
sequence aKgnment fiom a grovqj of related sequences using progressive, pairwise 
aHgmnaits to show relationship and peicent sequence identity. It also plots a tree or 
demtogramdiowing (he chisteringrdationidiips used to create the aligoment PILEUP 
5 uses a simplification of the progressive alignment method of Feng & Doolittle, J. Mol 
Evol. 35:351-360 (1987). The me&od used is anular to the meOiod described by ffiggins 
& Sharp, CABIOS 5:151-153 (1989). The program can aUgn up to 300 sequences, each 
of a maximum length of 5,000 nucleotides or amino acids. The multiple alignment 
procedure begins with the pairwise alignment of the two most similar sequences, 

10 producing a cluster of two aligned sequoices. This cluster is then aligned to the next 
most related sequence or cluster of aligned sequences. Two clusters of sequences are 
aligned by a simple extension of the pairwise alignment of two individual sequences. The 
final alignment is achieved by a series of progressive, pairwise alignments. The program 
is run by designating specific sequences and their amino add or nucleotide coordinates 

15 for regions ofsequenceconqiarison and by designating the program parameters. Using 
PILEUP, a reference sequmce is conq)ared to otiier test sequences to detemune the 
percent sequence identity relationshq>.usmg tiie following parameto: defiuilt gq> wd^ 
(3.00), de&olt gq) length waght (0.10), and weighted end g^s. PILEUP can be obtained 
fixnn the GCG sequence analysis sofiwaro padcage, e.g., veision 7.0 (Devereaux dl, 

20 Nuc Adds Res. 12:387-395 (1984). 

Anotho: example of al^fhm fliat is suitable for dctomining peicoit 
sequence identity and sequence similarity are flie BLAST and BLAST 2.0 algorithms, 
wWdi are described in Altschul et aL. Nuc Adds Res. 25:3389-3402 (1977) and Altschul 
et al.. J. Mol. Biol. 215:403-410 (1990), respectively. Software for performing BLAST 

25 analyses is publicly available through the National Center for Biotechnology Information 
(ht^://www.ncbi.nlnLnih.gov/). This algorithm involves first identifying high scoring 
sequence pairs (EISPs) by identifying short words of length W in the query sequence, 
which either match or satisfy some positive-valued tiueshold score T when aligned witii a 
word of the same length in a database sequence. T is referred to as the neighborhood 

30 word score threshold (Altschul et al., supra). These initial ndghborfaood word hits act as 
seeds for initiating searches to find longer HSPs containing than. The word hits are 
extended m both dnections along eadi sequraice for as fiff as flie cumulative alignment 
scwe can be increased. Omndative scores are calculated usang, for nucleotide sequences, 
flie param^ers M (reward score for a pair of matching readu^; always > 0) and N 
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^«ialty score for iiiianalshmgiicadi]e^idways<0). For ammo add sequaices, a 
scoring mattk is used to cal(ailate1he<amiulalive score. Extoisionofthe word hits in 
eadi direction are hdted when: the cmnnlative aUgmnoDt score Mis off ^ 
fiom its maximum achieved vahie; Ihe cumulative scqtb goes to zero or below, due to die 
5 accumulation of one or more negative-scQring residue alignments; or the mi of either 
sequence is reached. The BLAST algorithm parameters W, T, and X determine the 
sensitivity and speed of the alignment The BLASTN program (for nucleotide sequences) 
uses as de&nlts a wordlength (W) of 11, an expectation (E) or 10, M=5, N=M and a 
comparison of both strands. For amino acid sequmces, die BLASTP program uses as 

10 defaults a wordlength of 3, and expectation (E) of 10, and the BLOSUM62 scoring matrix 
(see Henikoff & Henikofif, Proa NatL Acad. ScL USA 89:10915 (1989)) alignments (B) 
of 50, ejqiectation (E) of 10, M=5, N=-4, and a comparison of bodi strands. 

The BLAST algorithm also performs a statistical analysis of die sunilaiity 
between two sequences (see, e.g., KarHn & Altschnl, Proc Nat 'I Acad. ScL USA 

15 90:5873-5787(1993)). One measure ofsimilarity provided by the BLAST algorithm is 
the smallest sum probability (P(N)), vAsaxaa. provides an indication of the probability by 
which a match between two nucleotide or amino add sequences would occur by chance. 
For exanq>le, a nucldc add is ccmsidered amilar to a reference sequoice if the smallest 
sum probability in a comparison of the test tniddc add to the reference nuddc add is 

20 less flian about 0.2, more preferably less than about 0.01, and most preferably less than 
about 0.001. 

An indication diat.two nucldc add sequences orpolypq>tides are 
substantially identical is diat the polypeptide raicoded by the first nucldc add is 
immunologically ax>ss reactive widi the antibodies raised against the polypeptide 
25 encoded by die second nucldc acid, as dumbed below. Thus, a polypeptide is typically 
substantially identical to a second polypeptide, for example, where flie two peptides differ 
oidy by conservative substitutions. Anotiier indication that two nucldc add sequences 
are substantially identical is fliat the two molecules or their complements hybridize to 
each other under stringent conditions, as described below. Yet anotiio- indication tiiat 
30 two nucleic acid sequences are substantially identical is that die same primeis can be used 
to amplify die sequence. 

The phrase "selectively (or specifically) hybridizes to" refers to die 
bmdmg, diqilexing, or hybridi2ang of a molecule only to a particular nucleotide sequence 
XI 
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under string^ hybridi2ation conditions wh«ai that sequence is joeseat in a complesc 
mixture (e.g., total cellular or library DNA or RNA). 

The phrase "stringent hybridization conditions'* refers to conditions under 
which a probe wiU hybridize to its target subsequence, typically m a con^lex mixture of 
5 nucleic add, but to no other sequences. Stringent conditions are sequence-dependent and 
will be diflfetent in different circumstances. Longer sequences hybridize specifically at 
Mgiher tenqjerahnes. An extensive guide to the hybridization of nucleic acids is found in 
Tijssen, Techniques in Biochemistry and Molecular Biology-Hybridization with Nucleic 
Probes, "Overview of principles of hybridization and the strategy of nucleic acid assays" 

10 (1993). Generally, stringent conditions are selected to be about 5-10°C lower than the 
thermal melting point (T„0 for the specific sequence at a defined ionic strength pH. The 
Tra is the temperature (under defined ionic strength, pH, and nucleic concentration) at 
which 50% of the probes complementaiy to flie target hybridize to the target sequence at 
equifibrium (as the target sequences are present m excess, at T„„ 50% of the probes are 

15 occupied at equilibrium). Stringent conditions will be those mwhidifte salt 

concentration is less than about 1 .0 M sodium ion, typically about 0.01 to 1.0 M sodium 
ion concentration (or other salts) atpH 7.0 to 8.3 and the temperature is at least about 
30°C for short probes (eg., 10 to 50 nucleotides) and at least about &fC for long probes 
{e.g., greater than 50 nucleotides). Stringent conditions nu^ also be achieved with the 

20 addition of destabilizing agents such as fonnamide. For selective or specific 

hybridization, a positive signal is at least two times badcground, optionaUy 10 times 
background hybridization. Exemplary sbingent Iqrbridization conditions can be as 
followmg: 50% fonnamide, 5x SSC, and 1% SDS, incubating at 4TC, or. 5x SSC, 1% 
SDS, incubating at eS'C, with wash in 0.2x SSC, and 0.1% SDS at es^C. 

25 Nucleic adds that do not hybridize to each other under stringent conditions 

are still substantially identical if the polypeptides which fliey encode are substantially 
identical This occurs, for example, when a copy of a nucleic add is created using the 
maximum codon degeneracy permitted by the genetic code, to such cases, the nucleic 
acids typicaUy hybridize under moderately stringent hybridization conditions. Exemplary 

30 "moderately stringent hybridization conditions" mclude a hybridization m a buffer of 
40% formamide, 1 M NaCl, 1% SDS at 37"C, and a wadi in IX SSC at 45»C. A positive 
hybridization is at least twice bad^und. Those of ordinary skill will readily recognize 
tiiat alternative hybridization and wash conditions can be utilized to provide conditions of 
similar stringency. 
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"Antibody" rcfias to apolypeptide canqnising a fiameworic region fixiin 
an inununoglobulm gene or fiagments thereof tbat specifically binds and recognizes an 
antigen. Ilie recognized inmninoglobiilingeiKS include the bqjpa, lambda 
ganmna, delta, epatoa, and mu constant regicm genes, as well as fbe myriad 
immuno^obulin variable region genes. Ligjit dudns are classified as eitho^ kappa or 
lambda. Heavy chains are classified as ganmia,mu,dplia. delta, or qisilon, which in turn 
define the immtmoglobuljn classes, IgG, Ig^ IgA, and IgE, respectively. 

An exanplaiy immunoglobulin (antibody) structural unit comprises a 
tetramer. Each tetramer is composed of two idoitical pairs of polypeptide chains, each 
pair having one 'Tighf (about 25 IdDa) and one lieavy" chain (about 50-70 kDa). The 
N-terminus of each chain defines a variable r^on of about 100 to 1 10 or more ammo 
acids primarily responsible for antigen recognition. The terms variable ehsm} (V^) 
and variable heavy chain (Vr) refer to these light and heavy chains respectively. 

Antibodies exist, e.g., as intact immunoglobulins or as a number of well- 
characterized fiagmoits produced by digestion wifli various pqitidases. Thus, for 
exan^l^ pq>sin digests an antibody bdow the disulfide linkages in the hinge region to 
produce F(ab)'2. a dimer of Fab which itself is a light cham joined to Vh-Ch1 by a 
disulfidebond. The F(ab)*2 may be reduced undo* mild conditions to break flie disulfide 
linkage in the hinge region, tiiereby convoting the F(ab)'2 dimer into an Fab* monomer. 
The Fab* monomer is essentially Ftb wifli part of the hinge region (see Fundamental 
Immunology (Paul ed., 3d ed. 1993). While various antibody fiagments are defined in 
toms of the digestion of an intact antibo^, one of skill will qypredate tiiat such 
fragments may be synthesized de novo taSaia diicmically or by using recoihbinant DNA 
methodology. Thus, flie term antibody, as used hoein, also mcludes antibody fiagments 
either produced by the modification of ^^le antibodies, or Ihose synfliesized de novo 
using recombmant DNA methodologies (e.g., single chain Fv) or those identified using 
phage display libraries {see, e.g., McCaffoty et al.. Nature 348:552-554 (1990)). 

For preparation of monoclonal or polyclonal antibodies, any technique 
known in the art can be used {see, e,g., Kohler & Milstein, Nature 256:495-497 (1975); 
Kozbor et al.. Immunology Today 4: 72 (1983); Cole et al, pp. 77-96 m Monoclonal 
Antibodies and Cancer Therapy (1985)). Techniques for the production of sn^e chain 
antibodies (U.S. Patent 4,946,778) can be ad^ted to produce antibodies to polypeptides 
of this mvention. Also, transgenic mice, or oflwa: organisms such as otho- fnaminflk may 
be used to ejqwess humanized antibodies. Alteaaiatively, phage di^lay technology can be 
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used to identify antibodies and hetraomeiic Fab fiagmeats tibat fipedficaUy bind to 
selected antigens (see, e.g., McCafRjrty et al. Nature 348:552-554 (1990); Maries et al. 
Biotechnology 10:779-783 (1992)). 

A "chimeric antibody" is an andbo(fy molecule in which (a) flie constant 
5 region, or a portion thereofi is albaed. iq>laced or exdianged so that the antigen binding 
site (variable region) is linked to a constant region of a difforent or altered class, effector 
fimction and/or species, or an entirely di£ferait molecule which confers new properties to 
the chimeric antibody, e.g., an enzyme, toxin, hormone, growth fector, drug, etc.; or (b) 
the variable region, or a portion thereof is altered, replaced or exchanged with a variable 
10 region having a different or altered antigen q)ecificity. 

An "anti-GPCR-B4" antibody is an antibody or antibody fragment that 
specifically binds a polypeptide encoded by the GPCR-B4 gene, cDNA, or a subsequence 
thereof 

The term "immunoassay" is an assay that uses an antibody to qiedfically 

15 bind an antigen. The immunoassay is characterized by the use of q)ecificbmdmg 
properties of a particular antibody to isolate, target, and/or quantify the antigen. 

The phrase "specifically (or selectivety) binds" to an antibody or 
"specifically (or selectively) hnmunoreactive with," when refcning to a protein or 
peptide, refias to a bhidmg reaction tiiat is determinative of the presence of flie protein in 

20 a heterogeneous population ofproteins and other biologies. Thus, under designated 

hmnunoassay conditions, the specified antibodies bind to a particular piotdn at least two 
times tiie background and do not substantiaUy bmd in a significant amount to other 
proteins present in the sample. Specific bmding to an antibody under such conditions 
may requne an antibody fliat is selected for its q)ecificity for a particular protem. For 

25 exanqile. polyclonal antibodies raised to GPCR-B4 fiom specific species such as rat. 
mouse, or human can be selected to obtam only those polyclonal antibodies that are 
specifically immunoreactive with GPCR-B4 and not with other proteins, except for 
polymorphic variants and alleles of GPCR-B4. This selection may be achieved by 
subtracting out antibodies that cross-react with GPCR-B4 molecules fiom other species. 

30 A variety ofimmunoassay formats may be used to select antibodies specifically 
immunoreactive with a particular protem. For example, solid-phase ELBA 
immunoassays are routinely used to select antibodies specifically immunoreactive wifli a 
protein {see. e.g., Harlow & Lane, Antibodies, A Laboratory Manual (1988), for a 
description of immunoassay formats and conditions fliat can be used to determine specific 
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immimoreactivily). Typically a specific or sdective reaction wiU be at least twice 
background signal or noise and more typically more than 10 to 100 times background. 

The phrase "selectively associates wifli" refras to the ability of a nucleic 
acid to "selectively hybridize" with another as defined above, or the ability of an antibody 
5 to "selectively (or specifically) bind to a protein, as defined above. 

By "host cefl" is meant a ceU that contains an expression vector and 
supports the replication or eiquession of the eaqnession vector. Host cells may be 
prokaryotic cells such as £ coli, or eukaiyotic ceUs such as yeast, insect, anq>hibian, or 
mammalian ceUs sudi as CHO, HeU and the like, e.g., cultured cel^ 
10 invivo. 

m. Isolation of the nncldc add encodfaig GPCR-B4 

A. General recombinant DNA methods 

This invention relies on routine techniques in the field of recombinant 

15 genetics. Basic texts disclosing the gaieral methods of use in this invention include 
Sambrook et al.. Molecular Cloning, A Laboratory Manual (2nd ed. 1989); Kriegler, 
Gene Transfer and Expression: A Laboratory Manual (1990); and Cmrent Protocols in 
Molecular Biology (Ausubel et al., eds., 1994)). 

For nucleic adds, sizes are givm in either kilobases (Kb) or base pairs 

20 (bp). These are estimates derived fixim agarose or acrylamide gel electrophoresis, firan 
sequenced nucleic adds, or fixan published DNA sequences. For protems, sizes are given 
in kUodaltons(kDa) or amino add residue numbeis. Proteins sizes are estimated ftom gel 
electrophoresis, fiwm sequenced protdns, fiom doived amino add sequences, or firan 
published protdn sequences. 

25 Ohgonudeotides &at are not commercially available can be dionically 

synthesized according to the solid phase pho^horamidite ttiester method first described 
by Beaucage & Candhers, Tetrahedron Letts. 22:1859-1862 (1981), usmg an automated 
synthesizer, as described in Van Devanter et. al. Nucleic Acids Res. 12:6159-6168 
(1984). Purification of ohgonudeotides is by dther native aciylamide gel electrophoresis 

30 or by anion-exdwnge HPLC as described m Pearson & Reanier, J. Chrom. 255: 137-149 
(1983). 

The sequence of the cloned genes and synthetic oligonucleotides can be 
verified after cloning using, e.g., the chain teraiination method for sequencing double- 
stranded taiq>lates of Wallace et ed.. Gene 16:21-26 (1981). 
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B, Cloning methods for the isolation cf mtdeotide sequences encoding 

GPCR-B4 

In gen^ Ifae nucleic add sequences oicoding GPCR-B4 and related 
5 nucleic add sequence homologs are cloned from cDNA and genomic DNA libraries by 
hybridization with a probe, or isolated using anq>lification techniques with 
oligonucleotide primers. For example, GPCR-B4 sequences arc typically isolated from 
mammalian nucldc add (genomic or cDNA) libraries by hybridizing with a nucldc acid 
probe, tiie sequence of \rfiich can be derived from SEQ ID NOS:3-4 and 8. A suitable 

10 tissue fiom which CTCR-B4 RNA and cDNA can be isolated is tongue tissue, optionally 
taste bud tissues or individual taste cells. 

Amplification techniques using primers can also be used to an^lify and 
isolate GPCR-B4 from DNA or KNA The degenerate primers encoding the following 
amino acid sequences can also be used to an^lify a sequence of GPCR-B4: SEQ ID 

15 NOS:5-6 (see, e.g., DiefiFenfach & Dveksler, PCR Primer: A Laboratory Manual (1995)). 
These primers can be used, eg., to anq>lii^ dtber die fiiU length sequence or a probe of 
one to several hundred nucleotides, whidi is tiien used to screen a mawinmiian hhrary for 
&U-lengthGPCR-B4. 

Nucldc adds encoding GPCR-B4 can also be isolated fiom oqiression 

20 libraries using antibodies as probes. Such polyclonal or monoclonal antibodies can be 
raised using tiie sequoice of SEQ ID N0S:l-2 and 7. 

GPCR-B4 polymorphic variants, alleles, and mterspedes homologs that 
are substantially identical to GPCR-B4 can be isolated using GPCR-B4 nuddc acid 
probes, and oUgonucleotides undo- stringent li^bridization conditions, by sraeening 

25 libraries. Altonatively, expression libraries can be used to clone GPCR-B4 and GPCR- 
B4 polymorphic variants, alleles, and interspecies homologs, by drtecting e3q)ressed 
homologs inununologically wifli antisera or purified antibodies made against GPCR-B4, 
which also recognize and selectively bind to the GPCR-B4 homolog. 

To make a cDNA library, one should choose a source that is rich in 

30 GPCR-B4 mRNA, e.g., tongue tissue, or isolated taste buds. The mRNA is tiien made 
mto cDNA using reverse franscriptase, ligated mto a recombinant vector, and transfected 
mto a recombinant host for propagation, screanng and clonmg. Methods for making and 
screening cDNA Ubraries are weh known {see, eg., Gubler & Hoffinan, Gene 25:263-269 
(1983); Samlnook et ai, sigtra; Ausubel et al, supra). 
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For a genome lihraiy, ihe DNA is ffldnicted from 
mechanicalfy Cleared or enzymaticaDy digested to yield fiagments of about 12-20 kb. 
Hie fiagments arethensq)aratedby giwJieatcentrifiigat^ sizes and are 

constructed in bactedophage lambda vectors. These vectois and phage are packaged in 
5 vitro. RecondHnant phage are analyzed by plaque hybridization as described in Benton & 
Bams, Science 196:180-182 (1977). Colony Iq^ridization is canied out as generally 
described in Gnmstein et al.. Proa Natl. Acad. ScL USA.. 72:3961-3965 (1975). 

An altexnative method of isolating GPCR-B4 nucleic acid and its 
homologs combines the use of synthetic oUgonucleotide primers and amplification of an 

10 RNA orDNA template (see U.S. Patents 4,683,195 and 4.683,202; PCR Protocols: A 
Guide to Methods and Applications (bms et al, eds, 1990)). Methods such as 
polymerase chain reaction (PGR) and Ugase diain reaction (LCR) can be used to amplify 
nucleic acid sequences of <a»CR-B4 directly from mRNA, from cDNA, from genomic 
Kbraries or cDNA Kbraries. Degenerate oKgonucleotides can be designed to amplify 

15 GPCR-B4 homologs uang Resequences provided herem. Restriction endonuclease sites 
can be incorporated into the primers. Polymerase chain reaction or other »iv«>y> 
amplification methods nuqr also be usefijl, for exang>le, to clone nucldc add sequcaices 
that code for proteins to be ejqjressed, to make nnddc adds to use as probes for detecting 
the presence of GPCai-B4 oicodingmRNA in phydotogical samples, fornuddc add 

20 sequencing, or for otherpnrposes. Genes'anq)lified by the PC31 reaction can be purified 
fiom agarose gds and ctoned into an iqipropriate vector. 

Goie expression of GPCR-B4 can also be analyzed by tedmiques known 
in the ait, e.g., reverse transcription and anq>lification of mRNA, isolation of total RNA 
or poly A* RNA, norfhem blotting, dot blotting, in situ hybridization, RNase protection, 

25 probing DNA microchip anays, and the like. In one embodiment, high density 

oUgonucleotide analysis technology (e.g., GeneChip™) is used to identify homologs and 
polymoiphic variants of the GPCRs of the invention. In the case where the homologs 
being identified are linked to a known disease, they can be used with GeiieChip™ as a 
diagnostic fool in detecting the disease in a biological sample, see. e.g., Gunthand et al. 

30 AIDS Res. Hum. Retroviruses 14: 869-876 (1998); Kozal et al, Nat. Med 2:753-759 
(1996); Matson et al.. AnaL Biochem. 224:1 10-106 (1995); Lockhart et al., Nat. 
Biotechnol. 14:1675-1680(1996); Gingeras e/ a/.. Genome Res. 8:435-448 (1998); Hada 
al.. Nucleic Acids Res. 26:3865-3866 (1998). 

^7 
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Symbetic oHgooucleotides can be used to constnict rccombmant (ffCR-B4 
genes fiir use as probes or for expression of protein. This method is perfbnned using a 
series of ovferliq>pingoligQmicleotidesusuaUy 40- 120 bp in length, rqifesenting both the 
sense and nonsense strands of the gene. These DNA fiagments are then annealed, ligaled 
and cloned. Alternatively, amplification techniques can be used with precise primers to 
anq>lify a specific subsequence of the GPCR-B4 nucleic acid The specific subsequence 
is thai ligated into an expression vector. 

The nocldc add encoding GPCR-B4 is typically cloned into intennediate 
vectors before transformation into prokaryotic or eukaryotic cells for replication and/or 
expression. These intermediate vectors are typically prokaryote vectors. e.g., plasmids, or 
shuttle vectors. 

Optionally, nucldc acids encoding chimeric proteins con^nismg GPCR- 
B4 or domains thereof can be made according to standard techniques. For exanq)le, a 
domam such as Ugand binding domain, an extracelhilar domain, a transmembrane domain 
(e.g., one comprising seven tiansmembrane regions and corresponding extracdhilar and 
cytosolic loops), the transmembrane domam and a cytoplasmic domain, an active site, a 
subunit association region, etc., can be covalenfly Imked to a heterotogous protem. For 
exan^le, an extracdlular domam can be linked to a heterologous GPCR transmembrane 
domain, or a heterotogous GPCR e3dnu»Uular domam can be Imked to a transmembrane 
domam. Other heterologous protdns of dioice include. e.g., green fluorescent protdn, p- 
gal, ghitamate recqitor, and the rhodqpsm presequence. 

C Expression in proharyotes and etikaryotes 

To obtain high level expression of a cloned gene or nucleic acid, such as 
those cDNAs encodmg GPCR-B4, one typically subclones GPCR-B4 into an expression 
vector that contains a strong promoter to direct transcription, a transcription/translation 
terminator, and if for a nucleic acid encoding a protein, a ribosome binding site for 
translational initiation. Suitable bacterial promoters are well known in the art and 
described, e.g., in Sambrook et al. and Ausubel et al. Bacterial expression systems for 
ejqjressing the GPC31-B4 protein are available in, e.g., K coli. Bacillus sp.. and 
Salmonella (Palva et al.. Gene 22:229-235 (1983); Mosbach et aL, Nature 302:543-545 
(1983). Kits for such e3q>ressionsystrans are connnracially available. Eukaryotic 
expression systems for mammalian cells, yeast, and insect cells are weU known in the art 
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and are also commenaally available. In one embodimenl, Oe eokaiyotic oqnessian 
vector is an adaioviral vector, an adeno-associated vector, or a retroviral vector. 

The promoter used to direct e}q)ression of a heterologous nuddc acid 
depends on flie particular sqiplication. The promoter is optionally positioned about the 
5 same distance fixm the heterologous transcription start site as it is fom the tra^^ 
start site m its natural setting. As is known m the art, however, some variation in this 
distance can be accommodated without loss of promoter function. 

In addition to the promoter, the expression vector ^ically contains a 
transcription unit or ejcpression cassette Jfaat contains all flie additional elements required 

10 for the expression of the GPCR-B4 encoding nucleic acid in host cells. A typical 

e^^ression cassette thus contains a promoter opoably linked to the nucleic acid sequence 
encodmg GPCR-B4 and signals reqmred for efSdent polyadoiylation of the transcript, 
ribosome bmding sites, and translation tenmnation. The nucldc add sequence encoding 
GPCR-B4 may typically be Indeed to a cleavable signal peptide sequence to promote 

IS secretion oftheoicodedprotdn by die hansfinmed cell. Sudi signal pqitides would 
mchid^ among others, die signal peptides fiom tissue plasminogen activator, insulm, and 
neuron growth &ctor, and juvenile honnone esterase of ^e/ibiAuvv«afcew Additional 
elements of the cassette may mclude enhancers and, if graiomic DNA is used as the 
structural gene, introns with functional spUce donor and accqitor sites. 

20 In addition to a promoter sequence, die expressicm cassette should also 

contam a transcription tecmination region downstream of the structural gene to provide 
for efGdent tomination. The tecmination region may be obtained fiom the same gene as 
the promotor sequence or may be obtained fiom difToent genes. 

The particular expression vector used to transport the genetic mformation 

25 mto the cell is not particularly critical. Any of die conventional vectors used for 

e3q)ression in eukaryotic or prokaiyotic cells may be used. Standard bacterial expression 
vectors inchode plasmids such as pBR322 based plasmids, pSBOF, pET23D, and fusion 
expression systems such as GST and LacZ. Epitope tags can also be added to 
recombinant proteins to provide conveniait mediods of isolation, e.g., c-myc. 

30 E3q)ression vectors containing regulatory elements fiom eukaryotic viruses 

are typically used in eukaryotic e)q)ression vectors, e.g., SV40 vectors, p^illoma virus 
vectors, and vectors derived fiiom ]^>stdn-Barr virus. CWher exemplary eukaryotic 
vectors inchide pMSG, pAV009/A*, pMTOlO/A^ pMAMneo-5, baculoviiiis pDSVE, 
and any oflier vector allowing expression of protons undo- the direction of the SV40 
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eariy promoter, SV40 lata- promotser, metdlofiuondii jiromotar, nrarine mammaiy tumor 
virus promoter, Rous sarcoma virus promoter, polyhedrin promoter, or oHier promotas 
sbowD effective for esqiression in oikaiyotic cells. 

Some eqnesdon systems have maikers fliat provide gene aiiq>lification 
S sudi as thymidine kinase, l^gromycin B phosphotransferase, and dihydrofolate reductase. 
Alternatively, hig^ yield eqiression systems not involving gene amplification are also 
suitable, such as using a baculovirus vector in insect cells, with a GPCR-B4 oicoding 
seqnoice under the direction of the polyhedrin promoter or oiber strong baculovirus 
promotes. 

1 0 The elements that are typically included in expression vectors also include 

a replicon that functions in E. coli, a gene encoding antibiotic resistance to permit 
selection of bacteria that haibor recombinant plasmids, and unique restriction sites in 
nonessential regions of the plasmid to allow insertion of eukaryotic sequ^es. The 
particular antibiotic resistance gene chosen is not oitical, any of flie many resistance 

IS genes known in the art are suitable. The prokaiyoticsequaices are optionally chosen 
such that they do not mterfere with flie rq>licatian of the DNA m ^ikaiyotic cells, if 
necessary. 

Standard tiaasfection methods arc used to produce bacterial, mammalian, 
yeast or insect cell lines that eaqiress large quantities of GPCR-B4 protein, viiich are then 

20 purified using standard techniques {see, e.g., CoUey et ai^ J. Biol Chem. 264:1761^ 
17622 (1989); Guide to Proton Pur^ication, in Methods in Emymology, voL 182 
(Deutscher, ed., 1990)). Transformation of eukaryotic and prokaiyotic cells are 
performed according to standard tedmiques {see, e.g., Morrison, /. Bact. 132:349-351 
(1977): Claik-Curtiss & Curtiss, Methods in Enzymology 101:347-362 (Wu et al., eds, 

25 1983). 

Any of the well known procedures for introducing foreign nucleotide 
sequmces into host cells may be used. These include the use of calcium phosphate 
transfection, polybrene, protoplast fusion, electroporation, hposomes, microinjection, 
plasma vectors, viral vectors and any of the other well known methods for introducing 
30 cloned genomic DNA, cDNA, synthetic DNA or other foreign genetic material mto a host 
cell (see, eg., Sambrook et aL, stqn-a). It is only necessary that the particular genetic 
engineoing procedure used be capsble of successfiilly mttoducing at least one gme into 
tiie host cell enable of expiessing GPCR-B4. 

36 
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After the eqnession vector is introduced into fbs cells, tlietrans&cted cdls 
are cultured under conditions fevoiing expression of GPCR-B4, which is recovered fiom 
the culture using standard techniques idoitified below. 

5 IV. Pnrification of GFCR-B4 

Eilher natural^ occurring or recombinant GPCR-B4 can be purified for 
use in fimctional assays. Optiraially, recombinant GPCR-B4 is purified. Naturally 
occurring C3PCR-B4 is purified, e.g., fiom mammalian tissue such as tongue tissue, and 
any other source of a GPCR-B4 homolog. Recombinant GPCR-B4 is purified fiom any 

10 suitsible bactraial or eukaryotic ejqjression system, e.g., CHO cells or insect cells. 

GPCR-B4 may be purified to substantial purity by standard techniques, 
mchiding selective precipitation wifli such substances as anunonium sulfiU^ column 
cfaiomatogrq)hy, immunopurification methods, and otfaors (see, e.g.. Scopes, Protein 
Purification: Principles and Practice (1982); U.S. Patent No. 4,673,641; Ausnbel et aL, 

IS stqnia;BadSmAaooketaL,stg>ra). 

A number of procedures can be employed when recombinant GPCR-B4 is 
being purified. For exarq>le,protemshavmg established molecular adhesion proiperties 
can be reversible fiised to GPCR-B4. With the appropriate ligand, GPCR-B4 can be 
sdectivety adsorbed to a purification column and then fiieed fiom flie cohmm m a 

20 rdativelypurBfomi. The fiised protein is then removed by enzymatic activity. Finally 
GPCR-B4 could be purified using immunoafGnity columns. 

A. Pmyication of GPCR-B4 from reambinant eeUs 
Rec(Hnbinant protdns are expressed by n^nsformed bacteria or eukaryotic 
25 cells such as CHO cells or msect cells in large amounts, typically after promoter 

induction; but expression can be constitutive. Promoter induction with IPTG is a one 
example of an inducible promoter system. Cells are grown according to standard 
procedures in the art. Fresh or fiozen ceils are used for isolation of protein. 

Proteins expressed in bacteria may form insoluble aggregates ("inclusion 
30 bodies"). Several protocols are suitable for purification of GPCR-B4 inchision bodies. 
For exanq>le, purification of inclusion bodies typically involves the extraction, sq>aration 
and/or purification of inclusion bodies by disnqjtion of bacterial cells, e.g., by incubation 
in a bufifer of 50 mM TOIS/HCL pH 7.5, 50 mM NaCl, 5 mM MgCla, 1 mM DTT, 0.1 
mM ATP, and 1 mM PMSF. The cell suspension can be lysed using 2-3 passages 
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throu^ a Freodi Press, homogfiiiized osing a Potytron ^rinkman Instnimeaits) or 
sonicated on ice. Alternate methods of lysing bacteria are apparent to those of skill in the 
art {see. e.g., Sambrook et al, stgmn Ausubel et aL. sigmi). 

If necessaiy, the inclusdon bodies are sohibilized, and the lysed cell 

5 suq)enfflon is t3^caUycentrifuged to remove unwanted insohiblem^ Proteins that 
firaned the mclusion bodies m^ be lenafaned by dilution or dialysis with a compatible 
buffer. Suitable solvents include, but arc not limited to urea (fiom about 4 M to about 8 
M), foimamide (at least about 80%, volume/volume basis), and guanidine hydrochloride 
(fiom about 4 M to about 8 M). Some solvents which are capable of solubilizang 

0 aggregate-forming proteins, for example SDS (sodium dodecyl sulfate), 70% formic add, 
are m^propriate for use m this procedure due to the possibility of irreversible 
denatnration of the proteins, accompanied by a lack of immunogaiicity and/or activity. 
Although guanidine hydrochloride and similar agents arc denatuiante, this denaturation is 
not hreversible and renaturation may occur upon removal (by dialysis, for example) or 

5 dUution of the denaturant, allowing re-formatiQn of hnmunologically and/or biologically 
active protem. Other suitable buffers are known to fliosesldlledinihe art GPCR-B4is 
separated fiom other bacterial proteins by standard separation tedmiqaes, e.g., with Ni- 
NTA i^arose resin. 

Alternatively, it is possible to purify GPCR.-B4 fiom bacteria periplasm. 

0 After lysis of the bacteria, \riien GPCR-B4 is exported into fliepoiplasm of the bacteria, 
the periplasmic fraction of the bacteria can be isolated by coM osmotic shock in addition 
to other methods known to skill in the art. To isolate recombmant proteins fiom the 
periplasm, the bacterial cells are centrifiiged to fimm a peUet The pellet is resuspended in 
abufifer containing 20% sucrose. To lyse the cells, the bacteria are centrifiiged and the 

5 pellet is resuspended in ice-cold 5 mM MgS04 and kqit in an ice bath for proximately 
10 minutes. The cell suspension is centrifiiged and flie siq>ematant decanted and saved. 
The recombinant proteins preseot m the stqiranatant can be s^arated fiom flie host 
protems by standard separation techniques weU known to those of skill m the art 

J B. Standard protein separation tedadques for putting GPCR-B4 

Solubility fractiniiflfinn 
Often as an mitial stqj, particularly if the protein mixture is conq)lex, an 
initial salt fiactionation can separate many of the unwanted host cell proteins (or proteins 
derived fiiom the cell culture media) from tiie recombinant protein of mterest The 
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piefoxed salt is ammonium sul&te. Ammonium sul&te pfectpitates protdns by 
effectively reducing the amount of water in flie protein mixtme. Protons then precipitate 
on the basis of their solubihty. The more hydrophobic a protein is, the inoie likdy it is to 
precq)itate at lower ammonium sul&te conceotiations. A ^cal protocol includes adding 
saturated ammonium sul&te to a protein solution so diat the resultant ammonium sul&te 
concentration is b^een 20-30%. This concentration will precipitate the most 
hydrophobic of proteins. Iheprecqiitate is then discarded (unless the protem of interest 
is hydrophobic) and ammonium sul&te is added to the sqiematant to a ccmcentration 
known to precipitate the protein of mteresL The precipitate is then solubilized in buffer 
and the excess salt removed if necessary, diher through dialysis or diafiltration. Other 
mebods tiiat rely on sohibility of proteins, such as cold ethanol precipitation, are well 
known to those of skill in the art and can be used to fiactionate complex protem mixtures. 

Size differential filtratini^ 
The molecular weight of GPCR-B4 can be used to isolated itftom proteins 
of greater and lesser size using uhrafiltration tinou^ membranes of different poro size 
(for example, Amicon or Millipore membranes). As a first step, the protem mixture is 
ultrafiltered through a membrane wifli a pore size fliat has a lower molecular weight cut- 
off than the molecular weight of the protein of mterest The retentate of flie uhrafiltration 
is then ultrafiltrared agamst a membrane with a molecular cut off greater flian the 
molecular weight of the protein of mtorest The recombmant proton will pass through 
die monbnme into the filtrate. The filtrate can thm be cbramatogrq)hed as described 
below. 

Column chromatography 
GPCR-B4 can also be sqparated fixMn other proteins on flie basis of its size, 
net surfece charge, hydrophobidly, and affinity for hgands. hi addition, antibodies raised 
against proteins can be conjured to column matrices and the proteins innnunopurified. 
All of these methods are well known in the art. It will be ^armt to one of skill that 
chroniatognq)hic techniques can be performed at any scale and usmg equipmoit fiom 
many different manufactures (e.g., Pharmacia Biotech). 
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V. Immanologiad detection of GPC3t-B4 

In addition to the detection of (a»CR-B4 genes and gene expression using 
nucleic acid hybridization tedmology, one can also use hmmmoassays to detect GPCR- 
B4,e.g., to idraitify taste recqrtor cells and variants of GPCR-B4. finmunoassays canbe 
used to qualitatively or quantitatively analyze GPCR.-B4. A general overview of flie 
applicable technology can be found in Harlow & Lane, Antibodies: A Laboratory Manual 

(1988) . 

A Antibodies to GPCR-B4 

Methods of producing polyclonal and monoclonal antibodies that react 
specifically with GPCR-B4 are known to those of skill in flie art {see. e.g., Coligan, 
Current Protocols in Immunology (1991); Harlow & Lane, siqa-a; Coding, Monoclonal 
Antibodies: Principles and Practice (2d ed. 1986); and Kohler & Milstdn, Nature 
256:495-497 (1975). Such techniques include antibo^ pz^aration by selection of 
antibodies fix)m libraries of recombinant antibodies in phage or shnilar vectors, as well as 
prq)aration of polyclonal and monoclonal antibodies by imnmniimig nibbits or mice (see, 
e.g., Huse et aL, Science 246:1275-1281 (1989); Ward et aL, Nature 341:544-546 

(1989) ). 

A number of GPCR-B4 comprising immunogens may be used to produce 
antibodies spedficaUy reactive with GPCR-B4. For exanq)le, recombinant GPCR-B4 or 
an antigoiic firagment tiiereol^ is isolated as described herein. Recombinant protdn can 
be expressed in eukaiyotic or prokaiyotic cells as described above, and purified as 
generally described above. Recomhinant protein is the prefenedimmunogen for the 
production of monoclonal or polyclonal antibodies. Alternatively, a synthetic peptide 
draived fiom flie sequences disclosed herem and conjugated to a carrier piotem can be 
used an immunogeu. Naturally occurring protein may also be used eiflier in pure or 
impure form. The product is thai injected into an animal enable of producing 
antibodies. Either monoclonal or polyclonal antibodies may be generated, for subsequent 
use in immunoassays to measure the protein. 

Methods of production of polyclonal antibodies are known to those of skill 
in the art. An inbred strain of mice (e.g., BALB/C mice) or rabbits is mmiunized wifli tiie 
protein using a standard adjuvant, such as Framd's adjuvant, and a standard 
immunization protocol. The animal's immune reqwnse to the immunogea prqiaration is 
monitored by taking test bleeds and determining the titer of reactivity to GPCR-B4. 
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When q^priately high titers of aaiSbo&y to the immnnogea aie obtaiiied, blood is 

collected fiom the animal and antisera arepr^ared. Farther fractionation of the antisera 

to enrich for antibodies reactive to the piotdn can be done if desi«^(,^ 
stgjra). 

Monoclonal antfljodiesm^ be obtained by various techniques fimifiarto 
those skilled m the art Briefly, spleen cells fiom an animal immunized with a desired 
antigen are nmnortalized, commonly by fusion with a myeloma cell (see Kohler & 
Milstein,£«r.^/«wio«,i 6:511-519 (1976)). Altanative methods of immortalization 
inchide transfomudon with Epstem Bair Virus, oncogenes, or retroviruses, or other 
melhodsweflknowninthearL Colonies arising fiom smgle immortalized cells are 
screened for production of antibodies of the desired specificity and afBnity for the 
antigen, and yield of the monoclonal antflwdies produced by such cells may be enhanced 
by various techniques, including injection into the peritoneal cavity of a vertebrate host 
Alternatively, one may isolate DNA sequences which encode a monoclonal antibocfyor a 
bmdmg flagment thereof by screening a DNA Kbrary fiom human B cells according to 
the general protocol outlined by Huse etal.. Science 246:1275-1281 (1989). 

Monoclonal antibodies and polyclonal sera an collected and titered 
against the immunogm protem in an immunoassay, far aaaaplc, a solid phase 
inmiunoassaywiththehnmunogenhnmobilizedonasolidsqqKirt. Typically, polyclonal 
antisera withatiteroflO* or greater are sdected and tested fi>r their cross iwctiw^ 
against non.GPC»-B4 proteins or evaotherrehitedprotems fiom olheroi^^ 
a competitive bindiiig immunoassay. Specific potydonalantiseRi and monoclonal 
antfl«)dies will usuaUy bhid with a Kd of at least abort 0. 1 mM. more usuafiy at least 
abort 1 mH optionally at least abort 0.1 liM or better, and optiondly 0.01 MM or bet^^ 

Once GPCR-B4 specific antibodies are available, GPCR-B4 can be 
detected by a variety of immunoassay methods. For a review of hnmunological and 
hmnunoassay procedures, see Basic and ainical Immunology (Stites & Terr eds., 7th ed. 
1991). Moreover, the immunoassays of the present invention can be performed in any of 
several configurations, which are reviewed extensively in Enzyme Immunoassay (Maggio, 
ed.. 1980); and Harlow & Lane, stqtra. 



GPCR-B4 can be detected and/or quantified using any of a number of weU 
recognized immunological binding assays {s^^e.g.. U.S. Patents 4,366,241; 4376,110; 
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4^17,288; and 4,837,168). Forareview of flie general inmnnnassays, see Oso Methods 
in Cell Biology: Antibodies in CeU Biology, volume 37 (Asai, ed, 1993); Basic and 
am/ca/i«wu«o/i®/(Stites&Teir.eds.,7thed.l991). Inmnmologidd binding assays 
(or immunoassays) typically use an antibody Oat specifically binds to a protein or antigen 
5 of choice (in this case the GPCR-B4 or antigenic subsequence theieof). The antibody 

(e.g.,anti-GPCaEi-B4) may be produced by any ofanumberofmeans well known to those 
of skin in tbe ait and as described above. 

Immunoass^ also often use a labeling agent to specifically bind to and 
label the csmpiex. formed by the antibody and antigen. The labeling agent may itself be 

0 one of the moieties comprising the antibody/antigen complex. Thus, the labeling agent 
may be a labeled GPCR-B4 polypeptide or a labeled anti-GPCR-B4 antibody. 
Alternatively, the labeling agent may be a third moiety, such a secondary antibody, that 
specifically binds to the antibody/GPCR-B4 complex (a secondary antibody is typicaUy 
specific to antibodies of the species fix)m which the first antibody is derived). Other 

5 proteins capable of specificaUy binding immunoglobulin constant iegions,.such as protem 
A or protein G may also be used as the label agent These proteins exbibit a strong non- 
immunogenic reactiviiy with immunoglobulin constant regions fiom a variety of species 
{see, e.g.. Knmval et al., J. ImmmoL 1 11:1401-1406 (1973); Akerstrom et al., J. 
Immunol. 135:2589-2542 (1985)). The labeling agent can be modified with a detectable 

0 moiety, such as biotin, to which another molecule can spedficafly bind, such as 

streptavidin. A variety of detectable moieties are well known to tht^e skilled in the art 
Througjiout the assays, incubation and/or wadung steps may be required 
after each combination of reagents, hicubation steps can vary fiom about 5 seconds to 
several hours, optionally firan about 5 minutes to about 24 hours. However, the 

S hicubation time will depend upon the assay format, antigen, volume of solution, 
wmcentirations, and tiie like. Usually, die assays wiU be carried out at ambient 
tenq)erature. although they can be conducted over a range of tenqieratures, such as 1 CC 
to40»C. 

) Non-comnetitive assav formate 

hnmunoassays for detectmg GPCR-B4 in sanq>le8 may be either 
competitive or noncompetitive. Noncompetitive immunoass^ are ass^ in which the 
amount of antigen is dnectiy measured, hi one preferred "sandwich" assay, for example, 
36 
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the anti-GPCR-B4 antibodies can be bound directty to a solid ssbstim on wWdi flwy are 
inmobilized. These immobilized antibodies flien ca9)ture GPC31-B4 present in fte test 
sample. GPCR-B4 is tbas immobilized is tiuai bound by a labeling agent, such as a 
second CTCR-B4 antibody bearing a hibeL Alternatively, the second antibody may lack 
a label but it m^, m turn, be bound by a labeled fliiid antibody specific to antibodies of 
the species from vMch the second antibocty is derived. The second or third antibody is 
typically modified with a detectable moiety, such as biotin, to which anotiber molecule 
specifically bmds, e.g., streptavidm, to provide a detectable moi^. 

Competitive assay formats 

In competitive assays, the amount of GPC31-B4 present in tiie sample is 
measured indirectty by measuring the amount of a known, added (exogaious) GPCR-B4 
displaced (competed away) &om an anti-GPCR-B4 antibody by the unknown GPCR-B4 
present in a sample. In one competitive assay, a known amount of Ga>CR-B4 is added to 
a sample and the sample is then contacted with an antibody that specifically binds to 
GPCR-B4. The amount of ^genous GPCR-B4 bound to the antibo^ is invenety 
propartional to tiie concoitration of (a*CR-B4 presoit in the sample. In a particulariy 
preferred embodiment, tiie antibody is immobilized on a solid substrate. Hie amount of 
GPCR-B4 bound to the antibody may be detomined dthor by measuring flie amount of 
GPCR-B4 present in a GPCR-B4/anfibody conq)lex, or allraiativdy by measuring the 
amount of remaining uncomplexedprotem. The amount ofGPCR-B4 may be detected by 
providing a labeled GPCR-B4 molecule. 

A luq)tai inhibition assay is anothaprefenedconqietitive assay. In this 
assay flie known GPCR-B4, is hnmobilized on a solid substrate. A known amount of 
anti-GPCR-B4 antibody is added to die sample, and tfie sample is then contacted witii the 
immobilized GPCR-B4. The amount of anti-GPC3l-B4 antibody bound to the known 
immobihzed GPCR-B4 is inversely proportional to flie amount of GPCR-B4 present in 
tiie sample. Again, tiie amount of immobilized antibody may be detected by detecting 
eitiier tiie immobihzed fraction of antibody or flie fraction of the antibody that remains in 
solution. Detection may be direct where the antibody is labeled or mdiiect by flie 
subsequent addition of a labeled moiety that specifically binds to flie antibody as 
described above. 
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Qross-readivityri 

inmunoassays in the conq)etitive binding fonnat can also be used for 
crossreactivity determinations. For eaaauple, a protein at least partially encoded by SEQ 
ID NC)S:l-2, and 7 can be innnobilized to a solid support Proteins (eg., GSPCR-B4 
proteins and homologs) are added to ttie assay tiiat comqpete for binding of Ike antisera to 
the innnobilized antigen. The ability of the added proteins to ixmpebs for bmding of the 
antisera to tiie immobilized protem is conqiared to the ability of GPCR-B4 encoded by 
SEQ ID N0:l-2, or 7 to compete with iteelf. The paaxsA crossreactivity for the above 
proteins is calculated, using standard calculations. Those antisraa with less than 10% 
crossreactivity with each of the added protrans Ksted above are selected and pooled. The 
cross-reacting antibodies are optionally remove fix>m the pooled antisaa by 
unmunoabsorption with the added considered protdns, e.g., distantly related homologs. 

The immunoabsorbed and pooled antisoa are then used in a compdiMve 
binding immunoassay as described above to conq)aie a second protdn. thou^ to be 
perhaps an allele or polymorphic variant of GPCR-B4, to the mununog«i protein (Le., 
GPCR-B4 of SEQ ID N0S:l-2 or 7). In order to make this comparison, the two proteins 
are eadi assured at a wide range of concentraticnis and the amount of each protem 
tecjuired to inhibit 50% of the bmding of flie antisera to the hnmobilized protein is 
detennined. If the amount of ttie second protein requned to mhibit 50% of bmdmg is less 
than 10 times the amount of the protein encoded by SEQ ID N0S:l-2, or 7 fliat is 
required to inhibit 50% of bindmg, then the second protein is said to specifically bind to 
the polyclonal antibodies ganastad to a C?CR.-B4 immunogen. 

Other assav formats 
Westran blot (immunoblot) analysis is used to detect and quantify the 
presence of GPC31-B4 in the sample. The technique generally comprises sqjaratmg 
sample proteins by gel electrophoresis on fhe basis of molecular weight, transferring the 
separated proteins to a suitable soUd support, (such as a nitrocellulose filter, a nylon filter, 
or derivatized nylon filter), and incubating the sample with the antibodies that specifically 
bind GPCR-B4. The anti-GPCR-B4 antibodies specifically bmd to the GPCR-B4 on the 
soUd support. These antibodies may be dhecfly labeled or altmwtively may be 
subsequently detected using labeled antibodies (e.g., labeled sh^ anti-mouse antibodies) 
that specifically bind to the anti-GPCR-B4 antibodies. 

3f 
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OQasr assay &xmateiadxiia^ 
liposomes designed to Wnd specific molecules (e.g., antibodies) and release oic^sulated 
reagents or maikers. The release dionicals are tben d^ected according to stai^atd 
techniques (see Monroe «?flZ.,^jBer. ain. Prod. Rev. 5:34-41 (1986)). 

5 

Reduction of non-spec ific binding 
One of skill in the art will appreciate that it is often desirable to minimize 
non-specific binding in immunoassays. Particularly, whore the assay involves an antigen 
or antibody immobilized on a solid substrate it is desirable to minimize the amount of 
1 0 non-specific binding to the substrate. Means of reducing such non-specific binding are 
well known to those of skill in the art Typically, this technique involves coating the 
substrate with a proteinaceous composition. In particular, protdn compositions such as 
bovine serum albumin (BSA), non&t powdered milk, and gelatin are widely used with 
powdered milk being most preferred. 

15 

Labels 

The particular label or d^ectable group used in fbs assay is not a critical 
aq>ect of the invention, as long as it does not significantly iotiaSexe with the spedfic 
binding oftfieantibotfy used in file assay. The detectable group can be any matoial 

20 having a detectable physical or chonical property. Such detectable labels have been well- 
developed in die field of immunoassays and, in general, most any label nsefiil in such 
methods can be ^lied to the present inventioa Urns, a hhel is any con^sition 
detectable by spectroscopic, photochemical, biochemical, unmunochonical, electrical, 
optical or chemical means. Usefiil labels in the presrait invention include magnetic beads 

25 (e.g., DYNABEADS™), fluorescent dyes (e.g., fluorescein isothiocyanate, Texas red, 
rhodamine, and the Uke), radiolabels (e.g., ^ '"l, ^'S, "C, or ^^P), enzymes (e.g., horse 
radish peroxidase, alkaline phosphatase and ofliers commonly used in an ELISA), and 
colorimetric labels such as colloidal gold or colored glass or plastic beads (e,g., 
polystyrene, polypropylene, latex, etc.). 

30 The label may be coupled direcfly or indnectly to Ihe desired component 

of the assay according to methods wdQ known in the ait. As indicated aibove, a wide 
variety of labels may be used, with tiie choice of label depaiding on saisitivity required, 
ease of conjugation wifli the conq)ound, stability requirements, available instnimoitation, 
and disposal provisions. ^ 
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Non-radioactive labels are often smdisd by indirect means. Generally, a 
ligand molecule (e.g., biotin) is covalently bound to the molecule. The Kgand then binds 
to another molecules {e.g., streptavidin) molecule, ^ch is either inherenfly detectable or 
covalently bound to a signal system, such as a detectable enzgme. a fluorescent 
conq)ound,oradiemihiminescentconq)onnd. The Kgands and their targets can be used 
in my suitable combination with antibodies that recognize GPCR-B4, or secondary 
antibodies that recognize anti-GPCR-B4. 

The molecules can also be coigugated directly to signal generating 
compounds. e.g., by conjugation with ap enzyme orfluorophore. Enzymes of interest as 
labels wiD primarily be hydrolases, particularly phosphatases, esterases and glycosidases, 
or oxidotases. particularly peroxidases. Fluorescent compounds mclude fluorescan and 
its derivatives, rhodamine and its derivatives, dansyl, umbellifaone, etc. 
Chemilummescent compounds include luciferin, and 2.3-dihydrophflialazinediones, e.g., 
luminol. For a review of various labelmg or signal producmg systems that nu^ be used, 
see U.S. Patent No. 4,391,904. 

Means ofdetectinghibels are wen known to those ofskillmflie art Thus, 
for example, where the label is a radioactive bbd, means for detection uicfaide a 
scintiUation counter or photographic fihn as m autoradiography. Where the label is a 
fluorescent hibel.it may be detected by exciting the fluorochromc with the a^ 
wavdeogthofKghtanddetectingflicrcsultingfluoresceiice. The fluorescence may be 
detected visually, by means of photographic fihn. by the use of electronic detectora such 
as charge coupled devices (CCDs) or photomultipKas and the like. Simihirly, enzymatic 
labels may be detected by providmg the appmpziate substrates for the enzyme and 
detecting the resulting reaction product Fmafly shnple colorimetric labels may be 
detected simply by observing the color associated with flie label Thus, in various 
dipstick assays, conjugated gold oflen appeara pirik, while various conjugated beads 
appear flie «>lor of the bead. 

Some assay formats do not require the use of labeled components. For 
instance, agglutination assays can be used to detect the presence of the target antibodies. 
In this case, antigen-coated particles are agglutinated by samples conqmsmg flie target 
antibodies. In this format, none of flie componails need be labeled and the presoice of 
tiie target antibody is detected by smqile visual inspection. 
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VL Assxfn for modnlatora of GaPCR-B4 

A. Assays for GPCR-B4 aOhfity 

GPCRrB4 and its alleles and polymoipliic variants are G-piotein coiq>led 
recq)tors fliat participate in taste transduction. The activity of GPCR-B4 polypeptides 
5 can be assessed using a variety of oivftro and in vn%) assays to determine 

chemical, and physicd effects, e.g, measuring ligand binding (e.g., radioactive ligand 
binding), second messengers (e.g., cAMP, cG^^P, JPj, DAG, or Ca^^, ion flux, 
phosphorylation levels, transcription levels, nanotransmitter levels, and flie like. 
Purfliennore, such assays can be used to.test for inhibitors and activators of GPCR-B4. 

10 Modulators can also be genetically altered vasions of GPCR-B4. Such modulators of 
taste transduction activity are us^d for customizing taste. 

The GPCR-B4 of the asssy will be selected fixnn a polypeptide having a 
sequence of SEQ ID N0S:l-2, or 7 or conservative^ modified variant fhoeof 
Alternatively, the GPCR-B4 of tiie assay will be derived fiom a eukaryote and include an 

15 ainino add sidisequence having anuno add sequoice identity SEQ ID N0S:l-2, or 7. 
Gemoally, flie amino add sequence idoitity will be at least 70%, optionally at least 85%, 
optionaUy at least 90-95%. OptionaDy, the polypeptide of tiie assays wiU comprise a 
domain of GPCR-B4, sudi as an extracdlular domain, transmenibnme domain, 
cytoplasmic domain, ligand bmding domain, subunit association domain, active site, and 

20 die like. EiflierGP(3t-B4Qradamaintiiereofcanbecovalentlylinkedtoahetetologous 
protdn to create a chimeric protein used in the assays described hodn. 

Modulators of GPCR-B4 activity are tested using GPCR-B4 polypeptides 
as described above, dtho- recombinant or naturally occurring. The protein can be 
isolated, expressed in a cell, expressed in a membrane derived from a cell, ejqjressed in 

25 tissue or in an animal, dther recombinant or naturally occurring. For example, tongue 
shces, dissodated cells from a tongue, transforrawi cells, or membranes can b used.. 
Modulation is tested using one of the in vitro or in vivo assays desraibed herein. Taste 
transduction can also be examined in vitro with soluble or soUd state reactions, using a 
chimeric molecule such as an extracellular domain of arecqitor covalentiy linked to a 

30 heterologous signal transduction domain, or a heterologous extracellular domain 
covalratiy linked to the transmembrane and or cytoplasmic domain of a lecqitor. 
Furthomore, ligand-binding domains of ttie protein of interest can be used in vitro in 
soluble or solid state reactions to assay for Ugand binding. 
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Ligand binding to GPCaR-B4, a domain, or dumoic protein can be tested 
in solution, in a bilayer membrane, attached to a soUd phase, in a lipid monolayer, or in 
vesicles. Binding of a modulator can be tested using. e.g., changes in spectroscopic 
diaracteristics (e.g., fluorescence, absoibance, reftactive index) hydrodbmamic (e.g., 
sh^), chromatographic, or sohibility properties. 

Recq>tor-G^tein impactions can also be examined. FoTexanq>le, 
binding of the G-protein to tiie receptoc or its release fixjm the recq)tor can be examined. 
For exanq>le, in tiie absaice of GTP, an activator will lead to the fonnation of a ti^t 
con^lex of a G protein (all fliree subunits) with flie receptor. This complex can be 
detected in a vari^ of ways, as noted above. Such an assay can be modified to search 
for inhibitors. Add an activator to the receptor and G protein in the absaice of GTP, form 
a tight complex, and then screen for inhibitors by looking at dissodation of die ncepbx- 
G protein complex. In the presence of GTP, release of flie alpha subunit of flie G protein 
fiiom the otiier two G protein subunits saves as a criterion of activation. 

An activated or inhibited G-protein will in turn alto- tfie propoties of 
target enzymes, channels, and oflier effector protems. The classic examples are flie 
activation of cGMP phosphodiestoase by transdndn m the visual system, adenylate 
cyclase by &e stimulatoiy G^tem, pho^holqiase C Gq and other cognate G 
proteins, and modulation of divrase channels by Gi and other G protdns. Downstream 
consequences caa also be examined siuh as generation of diacyl glycool and IPS by 
phoq)holipase C, and in turn, for caldum mobilization by IPS. 

Activated GPCR recqitors become substrates fiir kinases that 
phosphoryhte flie C-terminal tail of the lecqitor (and possibly oflier sites as well). Thus, 
activators will promote flie transfer of "P ftom gamma-labeled GTP to flie receptor, 
which can be assayed wifli a sdntiUation counter. The phoq)horylation of tiie C-temnnal 
tail will promote flie binding of arrestin-like protems and will interfere witii flie bmdmg of 
G-protems. Tlie kinase^anestin pafliway plays a key role in the desensitization of many 
GPCR recqptors. For example, compounds that modulate tiie duration a taste receptor 
stays active would be useful as a means of prolonging a desired taste or cutting off an 
unpleasant one. For a general review of GPCR signal transduction and mefliods of 
assaying signal transduction, see. e.g.. Methods in Enzymology, vols. 237 and 238 (1994) 
and volume 96 (1983); Bourne et al.. Nature 10:349:1 17-27 (1991); Boume et aL, Natiire 
348:125-32 (1990); Piteher et al.. Anna. Rev. Bioch&n. 67:653-92 (1998) 
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San^tes or assays Oat are treated wifli a potential (3PCR-B4 inhibitor or 
activator ate cQiiq>ared to control samples witbout the test compound, to examine the 
extent of modulation. Control sanqiles (untreated with activators or mlubitors) are 
assigned a relative GPCR-B4 activity value of 100. Inhibition of GPCR-B4 is achieved 
5 the GPCR--B4 activity vahie relative to the control is about 90%, optionally 50%, 

optionally 25-0%. Activation of (ffCR-B4 is achieved whrai (he GPCR-B4 activity value 
relative to the control is 110%, optionally 150%, 200-500%, or 1000-2000%. 

Changes in ion flux may be assessed by detomining changes in 
polarization (i.e., electrical potaitial) of the cell or membrane e}qpressing GPCR-B4. One 

10 means to determine changes in cellular polarization is by measuring changes in curr^t • 
(thaxby measiuing changes in polarization) with voltage-clamp and patch-clamp 
techniques, e,g., the "cell-attached" mode, the "inside-ouf mode, and die "whole cell" 
mode isee. Ackerman et al.. New Engl J. Med. 336:1575-1595 (1997)). Whole cell 
currents are conveniently determined using the standard metfaodolo^ {^see. eg., Hamil et 

15 al.. PFlugers. Archiv. 391:85 (1981). Oflier known assays mclude: radiolabeled ion flux 
assays and fluorescence assays using voltage-soisitive dyes {see, e.g., Vestogarrd- 
Bogind a al., J. Membrane Biol 88:67-75 (1988); Gonzales & Tsien, Chem, Biol 4:269- 
277 (1997); Daniel et al, J. Pharmacol Meth. 25:185-193 (1991); Holevmsky et al. J. 
Membrane Biology 137:59-70 (1994)). Generally, the compounds to be tested are present 

20 inlherangefixnnlpMtolOOinM 

The e£fects of the test compounds iqran the function of tiie polypqitides 
can be measured by examining any of the parameters described above. Any suitable 
physiotogical change tiiat affects GPCR activity can be used to assess the influence of a 
test compound on the po]ypq>tides of this invraition. Whoi tiie fimctional consequences 

25 are detominedusuig intact cells or animals, one can also measure a variety of efiects 
such as transmitter release, hormone release, transcriptional changes to both known and 
uncharacterized genetic markers (e.g., northon blots), changes in cell m^abolism such as 
cell growth or pH dumges, and dianges in intracellular second messoigers such as Ca^, 
IPSorcAMP. 

30 Preferred assays for G-protein coupled receptors include cells lhat are 

loaded with ion or voltage sensitive dyes to report recq)tor activity. Assays for 
determining activity of such recqptors can also use known agonists and antagonists for 
otho- G-protein coupled receptors as negative or positive controls to assess activity of 
tested compounds. In assays for identitying modulatory conqraunds (e.g., agonists. 
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antagonists), changes in the level of ions in the cytoplasm or menibrane voltage will be 
monitored using an ion sensitive or membrane voltage fluorescent indicator, respectively. 
Among the ion-saisilive indicatois and voltage probes that may be employed are ttiose 
disclosed in the Molecular Probes 1997 Catalog. For G-protein caapled recqjtois, 
5 promiscuous G-protems such as Gal5 and Gal 6 can be used in the assay of choice 
(WiBde et aL, Proc Natl Acad. ScL USA 88:10049-10053 (1991)). Such promiscuous 
Ginoteins allow coupling of a wide range of lecqitois. 

Recq)tor activation typically initiates subsequent intracellular events, e.g., 
increases in second messengers such as IP3, vi*ich releases intracellular stores of calcium 

10 ions. Activation of some G-protein coupled receptors stimulates the foimation of inositol 
triphosphate (JP3) through phospholipase C-mediated hydrolysis of phosphatidylinositol 
(Berridge & frvine. Nature 312:315-21 (1984)). IP3 in turn stimulates the release of 
mtracellular caldum ion stores. Thus, a change in cytoplasmic calcium ion levels, or. a 
change in second messraigrar levels such as IP3 can be used to assess G-pro^ coiq)led 

15 recq)tor function. Cells expressing such G-protemcoiqiledieceptQra may exhibit 
increased cytoplasmic calchmi levels as a result of contribution fiom both intracelhilar 
stores and via activation of ion channels, in \rfiich case it may be desirable altbou^ not 
necessary to conduct such assays in caldum-fiee buffer, qitionally siqiplemented with a 
chelating agmt such as EGTA, to distinguish fluorescence response resulting ftom 

20 calcium release fiom internal stores. 

Other assays can involve determining fbs activity of receptors which, 
when activated, result in a change in the level of intracellular cyclic nucleotides, e g., 
cAMP or cGMP, by activating or mUbiting enzymes such as adenylate cyclase. There 
are cyclic nucleotide-gated ion diannels, e.g., rod photoreceptor cell channels and 

25 olfectory neuron channels that are permeable to cations wpon activation by binding of 
cAMP or cGMP (see, e.g., Altenhofen et al. Proc. Natl. Acad. Sci. U.S.A. 88:9868-9872 
(1991) and Dhallan et al.. Nature 347:184-187 (1990)). In cases where activation of the 
receptor results in a decrease in cyclic nucleotide levels, it may be preferable to expose 
the cells to agents that increase intracellular cyclic nucleotide levels, e.g., forskolin, prior 

30 to adding a receptor-activating coiiqK>und to flie cells in the assay. Cells for this type of 
assay can be made by co-transfection of a host cell wifli DNA encoding a qfclic 
nucleotide-crated ion channel, GPCR phosphatase and DNA encoding a receptor (e.g., 
certam glutamate recqitora, muscarinic acetylcholine recqptors, dopamine receptors 
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saotxmin lec^tors, eoA flie like), wUdi, when ac&va^ canses a diange ia cydic 
nucleotide levels in flie cytoplasm. 

In a prefenred embodimeot, GPCR-B4 activity is measuied by expressing 
GPCR-B4 in a heteologons cell with a promiscuous G-piotein that hnks the recq)tor to a 
phospholipase C signal transduction pathway (see Ofiemianns & Simon, J. Biol Chan. 
270:15175-15180 (1995); see also Example II). Optionally flie ceU line is HEK:-293 
(whidi does not naturally express GPCR-B4) and the promiscuous G-protein is Gal5 
(OflFennanns & Simon, stq>ra). Modulation of taste transduction is assayed by measuring 
changes in intracellular Ca^ levels, which change in respoxise to modulation of flie 
GPCR-B4 signal transduction pathway via administration of a molecule that associates 
wifli GPCR-B4. Changes m Ca^ levels are q)ti<mally measured usmg fhiorescent Ca**^ 
indicator dyes and fluorometric imaging. 

In one onbodiment, the changes in intracellular cAMP or (^jMB can be 
measured using immunoassay The method desoibed in Offermamis & Simon, /. BioL 
Chem. 270:15175-151 80 (1995) may be used to detemune the level of cAMP. Also, the 
method described mFelley-Boscocf at, ^»i./.5e^. Cell and MoL Biol 11:159-164 
(1994) nuQT be used to detemiine the level of cGMP. Ftnther, an ass^ kit fin- measuring 
cAMP and/or cGMP is described in U.S. Patent 4,1 15,538, herdn incorporated by 
reference. 

In another anbodhnoit, phosphatidj^ inositol (PI) hydrolysis can be 
analyzed according to U.S. Patent 5,436,128, herein incorporated by lefbrence. Briefly, 
the assay mvolves ktbeling of cells with ^H-myomositol for 48 or more hrs. The labeled 
cells are treated with a test conqraund fin- one hour. Hie treated cells are lysed and 
extracted in chloroform-methanol-water after which the inositol phosphates were 
separated by ion exchange chromatogrq)hy and quantified by scintillation counting. Fold 
stimulation is determined by calculating the ratio of cpm in the presence of agonist to 
cpm in the presence of buffer control. Likewise, fold uihibition is determined by 
calculating the ratio of cpm in the presence of antagonist to qpm in the presence of buffer 
control (which may or may not contain an agonist). 

In another embodiment, transcription levels can be measured to assess the 
effects of a test conqraund on signal transduction. A host cell containing the protdn of 
intoest is contacted with a test conqmund for a sufiSdoit time to effect any intoactions, 
and thai the level of graie e3q)ression is mrasured. The amount of time to effect sudi 
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intCTactions may be empirically detomined, sack as by ramiing a time comse and 
measuring the level of transaiption as a function of time. The amonnt of transcription 
may be measured by using any method known to tiiose of skill in the art to be suitable. 
For example, mRNA ejqnession of the protein of interest be detected using northern 
5 blots (vtiidrpolyp^de products may be idoitified using hmnunoass!^. Alternatively, 
transcqption based assays using iqxHter gene may be used as described in U.S. Patent 
5,436,128, herem incorporated by refra^ice. The xepcateT genes can be, e.g., 
chloranqdiaucol ac^ltransfoase, firefly hicifoase, bacterial bdferase, p-galactosidase 
and alkaline phosphatase. Purthennore, the protdn of inters can be used as an indirect 

10 rqporta: via attachment to a second reporter such as grerai fluorescent protein {see, e.g., 
Afistili & Specter, Nature Biotechnology 15:961-964 (1997)). 

The amount of transcription is then compared to the amount of 
transcription m either the same cell in the absence of the test compound, or it may be 
compared with the amount of transcription in a substantiaUy idoitical cell that lacks flie 

15 protein of interest A substantially identical cell may be derived from the siane cells fiom 
which the recombmant cell was prq>aied but which had not been modified by 
introduction of heterologous DNA Any diffesrence in die amount of tianscaciption 
mdicates that the test compound has in some manner altoed the activity of tihe protein of 
interest 

20 

B. Modulators 

The conqxnmds tested as modulators of GPCR-B4 can be any small 
chemical conqx>und, or a biological entity, such as a protein, sugar, nucleic add or lipid. 
Alteniatively, modulators can be genetically altered vodons of (H>CR-B4. Typically, 

25 test conqK>undswiU be smaU chemical molecules and peptides. Essentially any chemical 
compound can be used as a potential modulator or ligand in the assays of tiie invraition, 
althou^ most often compounds can be dissolved in aqueous or organic (e^eciaUy 
DMSO-based) solutions are used. The assays are designed to screen large chemical 
libraries by automating the assay steps and providing compounds fiom any convenient 

30 source to assays, which are typically run in parallel (e.g., in microtitar fomiats on 

microtiter plates in robotic assays). It will be appreciated fliat fliere are many suppHers of 
chemical compounds, including Sigma (St Louis, MO), Aldrich (St Louis, MO), Sigma- 
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Aldrich (St Louis, MO), Fhika CSiemika-Biocheinica Analytika (Budis Switzeriand) and 
the like. 

In one piefetied embodiment, high througjqnit sraeening methods involve 
providing a combinatotial chraoical or peptide libtaiy containing a laige number of 
potential fher^)euticconq)ounds (potential modulator or ]igandconq)ounds). Sudi 
"combinatorial chemical Kbraries" or *1igand libraries" arc then soeened in one or more 
assays, as described herein, to identify those library members (particular chemical species 
or subclasses) that display a desired characteristic activity. The compounds thus 
idoitified can save as conventional lead conq)ounds" or can tiionselves be used as 
potootial or actual therapeutics. 

A combinatorial chanical library is a collection of divorse chemical 
compounds generated by either chemical synlhesis or biological syntiiesis, by combining 
a number of chemical "building blocks" such as reagents. For racample, a linear 
combinatorial chemical library such as a polypq)tide library is formed by combining a set 
of chemical building blocks (amino acids) m ev«y possible way for a givm cQ^^x)und 
length (i,e., the number of amino adds in a polypeptide compound). Nfiffions of chemical 
compounds can be synthesized througji sudi combinatorial mixing of chemical building 
blocks. 

Prq)aration and screening of combinatorial chemical libraries is wdl 
known to Ihose of skill in the art. Such combinatorial diemical libraries inchide, but are 
not limited to, peptide Kbraries {see, e.g., U.S. Patait 5,010,175, Fuika, InL J. P^t. Prot. 
Res. 37:487-493 (1991) and Houghton et al.. Nature 354:84-88 (1991)). Oflier 
diemisbies for genoating chemical diversity libraries can also be used. Sudi chemistries 
inchide, but are not limited to: pq)toids (e-g., PCT Publication No. WO 91/19735), 
encoded pqitides (e.g., PCT Pubfication WO 93/20242), random bioK)Kgomers (e.g.. 
PCT PublicationNo. WO 92/00091), benzodiazepines (e.g., U.S. Pat. No. 5,288,514), 
divosomers such as hydantoins, benzodiazepines and dipeptides (Hobbs et al., Proc. Nat. 
Acad. Sci. USA 90:6909-6913 (1993)), vinylogous polyp^tides (Hagihara et al, J. Amer. 
Chem. Soc. 1 14:6568 (1992)), noiqieptidal peptidomimetics with glucose scaffolding 
(Hirschmann et al, J. Amer. Chem. Soc 114:9217-9218 (1992)), analogous organic 
syntheses of small compound libraries (Chen e/ aL, J. Amer. Chem. Soc. 1 16:2661 
(1994)), oUgocarbamates (Cho et al. Science 261:1303 (1993)), and/or peptidyl 
phosphonates (CanqibeU et al, J. Org. Chem. 59:658 (1994)), nucleic add Kbiaries (see 
Ausubel, Berger and Sambrook, aD stqira), peptide nucldc add hTwaries {see. e.g.. U.S. 
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Patent 5^39,083), antibody Ulnaries {see, eg., V?ugjin et al.. Nature BiotetAmlogy, 
14(3):309-314 (1996) and PCT/US96^10287), carbohydrate Kbraries (see, e.g.. Liang et 
al., Science, 274:1520-1522 (1996) and U.S. Patent 5,593,853). smaU organic molecule 
diaries {see. e.g,. benzodiazqrines, Baum C&EN, Jan 18. page 33 (1993); isoprenoids, 
U.S. Patent 5.569,588; thiazoUdinones and metathiazanones, U.S. Patent 5,549,974; 
pynoUdines, U.S. Patents 5.525,735 and 5,519,134; moipholino compounds, U.S. Patent 
5,506337; benzodiazepines, 5,288,514, and the like). 

Devices for flie piq)aration of combinatorial libraries are commercially 
available (see, e.g., 357 MPS, 390 MPS, Advanced Chem Tech, Louisville KY, 
Symphony, Rainin, Wobum, MA, 433A Apphed Biosystems, Foster City, CA, 9050 Plus, 
Millipore, Bedford, MA). In addition, numerous combinatorial Kbraries are themsdves 
commercially available (see. e.g.. ComGenex, Princeton, N J., Tripos. Inc., St Louis, 
MO, 3D Pharmaceuticals, Extern, PA. Mattek Biosciences, Columbia, MD, etc.). 

C SMid State andsobible high thnmg^gmt assays 

In one embodimeot flic invention provide soluble assays using molecules 
such as a dtsnain sudi as Hgand binding doniain, an extracelhilar domain, a 
transmembrane domain (e.g., one conqnising seven transmembrane regions and cytosolic 
loops), the transmembrane domain and a cytoplasmic domain, an active site, a subunit 
assodation region, etc.; a domain that is covalenfly linked to a heterologous protein to 
create a diimeric molecul*^ GPCR-B4; or a ceU or tissue expressing GPCR-B4, either 
naturally occuning or recombinant In another ranbodiment, flie invention provides solid 
phase based in vitro assays in a high tim>ugl5)ut format, where the domain, chimeric 
molecule, GPCR-B4, or cell or tissue expressdng GPCR-B4 is attached to a solid phase 
substrate. 

In tiie high fluoughput assays of flie invention, it is possible to screen up to 
several thousand different modulators or ligands in a single day. hi particular, eadi well 
of a microtiter plate can be used to run a separate assay against a selected potential 
modulator, or, if concentration or incubation time effects are to be observed, every 5-10 
wells can test a single modulator. Thus, a single standard miontiter plate can assay ^out 
1 00 (e.g., 96) modulators. If 1536 well plates are used, then a sin^e plate can easily 
assay fix>m about 100- about 1500 different compounds, ft is possible to assay several 
different plates per day; assay screais for up to about 6,000-20,000 different compounds 
is possible using the integrated systrans of flie invention. More recentty, mioofluidic 
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approaches to leagent laai^ulation bavc been developed, eg., by Calqier Tedmologics 
(Palo Alto, CA). 

The molecule of interest can be bound to the solid state component, 
directly or indirectly, via covalent or noncovalent linkage e.g., via a tag. Thetagcanbe 
5 any ofa variety of conqKinents. In general, a molecule vrfiich binds the tag (a tag binder) 
is fixed to a soKd sqiport, and the tegged molecde of interest (e.^, the taste transdu^ 
molecule of intraest) is attached to the soUd support by interaction of the tag and the tag 
binder. 

A number of tags and tag bindeis can be used, based upon known 

10 molecular interactions well described in the literature. For example, where a tag has a 
natural binder, for example, biotin, protein A, or protein G, it can be used in conjunction 
with ^propriate tag binders (avidin, streptavidin, neutravidin, the Fc region of an 
immunoglobulin, eta) Antibodies to molecules with natural binders such as biotin are 
also widely available and ^propriate tag binders; see, SIGMA Immunochemicals 1998 

15 catalogue SIGMA, St Louis MO). 

Similariy, any haptenic or antigenic CQiiq)ound can be used in condnnation 
wi& an iqipnqiriate antibody to form a tag/tagbmder pair. Thousands of specific 
antibodies are commercially available and many additional antibodies ai« described m the 
litoature. For exanq>l^ in one common configuration, the tag is a first antibocfy and the 

20 tag bmder is a second antibody which recognizes tiie first antibody, hiadditionto 

antibody-antigoi mtenictions, recq)tor-Hgand mteractions are also appmpnste as tag and 
tag-faindo: pairs. For exanq>le, agonists and antagonists of cell membrane receptors (e,g., 
cell receptor-ligand interactions sudi as transferrin, c-ldt, viral recqjtor hgands, cytokme 
recq>tors, chemokme Tecq)tors, mterleukin recq)tors, immunoglobulin recq>tois and 

25 antibodies, the cadhoein femily, the integrin fimily, the selectin femily, and the Uke; see. 
e.g.. Pigott & Power, TTie Adhesion Molecule Facts Book I {1993). Similarly, toxins and 
vraioms, viral epitopes, homiones (e.g., opiates, steroids, etc.), intracellular leceptois (e.g. 
which mediate the effects of various small hgands, mcludmg steroids, thyroid hormone, 
retinoids and vitamm D; peptides), dmgs, lectins, sugars, nuddc adds (both Unear and 

30 cyclic polymer configurations), oligosaccharides, protons, phosphohpids and antibodies 
can all mteract with various cell recq>tors. 

Synflietic polymers, such as polyureflianes, polyesters, polycarbonates, 
polyureas, polyamides, polyefliyleneimines, polyarylene sulfides, polysiloxanes, 
polyimides, and polyacetates can also form an appropriate tag or tag bind^. Many othw 
V4 
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tag/tag binder pairs are also nsefiil in asssqr systems described herein, as wouM be 
appaieat to one of skill iqjon review of tiiis disclosure. 

Cknnmon linlrars such as pqitides, polyedios, and flie like can also save 
as tags, and include polypeptide sequences, such as poly gly sequences of between about 
5 5 and 200 amino adds. Sn(Aflemblelinkeis are known to persons ofskill in the art For 
example, poly(elhelyne glycol) linkers are available fiom Shearwater Polymers, Inc. 
Huntsville, Alabama. These linkras optionally have amide linkages, sulfliydryl linkages, 
or hetoofimctional linka^. 

Tag bindas are fixed to rolid substrates using any of a variety of methods 

10 currently available. Solid substrates are commonly deiivatized or functionalized by 
e3q)osing all or a portion of the substrate to a chemical reagent which fixes a chemical 
group to the surfece which is reactive with a portion of the tag binder. For example, 
groups which are suitable for attachment to a longer chain portion would include ammes, 
hydroxyl, thiol, and carboxyl groups. Aminoalkylsilanes and hydnncyall^lsilanes can be 

15 used to ftmctionalize a variety ofsurfeces, such as glass surfaces. The construction of 
such solid phase biq)olymer arrays is well described in fbo literature. See, e.g., 
Menifield, J. Am. Ckem. Soc 85:2149-2154 (1963) (describing soHd phase synthesis of, 
e.g., peptides): Geysem et aL, J. Immun. Meth. 1(111.259-21 A (1987) (describmg synthesis 
of solid phase conqxments on pms); Rank & Doring, TOruhednm 44:60316040 (1988) 

20 (desoribmg synthesis ofvariouspqttide sequences on ceUubsedi8lB);Fodarefa/^ 
Science, 251:767-777 (1991); Sheldon et aL. aimcal Chemistry 39(4):718-719 (1993); 
and Kozal et al.. Nature Medicine 2(7):7S37S9 (1996) (all describmg anays of 
biqpolymas fixed to solid substrates). Norwihemical j9)proaches for fbdng tag bindas to 
substrates inchideotiier common mediods, such as heat, cross-lmking by UV radiation. 

25 and tiie like. 

D. Ck>mptaer-based assays 

Yet another assay for compounds that modulate GPCR-B4 activity 
involves computer assisted drug design, in which a computer system is used to generate a 
30 three-dimensional structure of GPCR-B4 based on the structural information encoded by 
the amino acid sequmce. The input amino add sequence interacts directly and actively 
with a preestablished algorithm in a conq)utra- program to yield secondary, tatiaiy, and 
quaternary structural models of the protdn. The models of the protem structure are thai 
SO 
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examined to identify r^ons of flie strnctarc fbat have flie abiHfy to Wnd, eg, tigands. 
These regions are flien used to idraitify ligands that bind to titie protein. 

The flsee-dimensiQnal stnictural model of Ihe protein is generated by 
altering protein amino add seqiiraices of at least 1 0 amino add residues or coire^nding 
raicldc add sequences encoding a (ff CR-B4 polypq>tide into Ihe computer system. The 
amino add sequence of the polypq)tide of flie nucldc add encoding the polypeptide is 
sdected fiom tibe group consisting of SEQ ID N0S:l-2, or 7 or SEQ ID NOS:3-4, or 8 
and conservatively modified versions tbsxeot The amino acid sequoice rq)resents the 
primary sequence or subsequence of the protein, which encodes the structural information 
of the protein. At least 10 residues of the amino acid sequence (or a nucleotide sequence 
encoding 10 amino acids) are ratered into the con^uter system fix)m computer 
keyboards, computer readable substrates that include, but are not Innited to, electiwnic 
storage media (e.g., magnetic diskettes, tapes, cartridges, and chips), optical media (e.g., 
CD ROM), injSjimation distributed by internet sites, and by RAM. The flnee^oisional 
structural model of flie protdn is ftam generated by the interacticm of flie amitin add 
sequence and flie computer system, usmg software known to fliose of skill in the ait. 

The amino add sequence represents a primary structure fliat encodes flie 
infiMDooation necessary to fijrm tiie secondaiy, tertiary and quateinaiy stnicturc of the 
protein of interest The software looks at certain parameters encoded by flie {niinaiy 
sequotice to generate the structural model. These parameters arc referred to as "raiergy 
teims,** and primarily include dectrostatic potentials, hydrophobic potentials, solvent 
accessible sur&ces, and hydrogen bonding. Secondary enogy teems indude van der 
Waals potentials. Biological molecules farm the structures fliat minitniw flie oieigy 
tarns in a cumulative fashion. The conqiuter program is flierefore using fliese terms 
encoded by the primary structure or amino acid sequence to create flie secondary 
sbuctural model. 

The tertiary structure of the protein oicoded by tiie secondary structure is 

then formed on the basis of the energy terms of flie secondary stincture. The user at this 

point can enter additional variables such as wheflier flie protein is membrane bound or 

soluble, its location in the body, and its cellular location, e.g., cytoplasmic, sur&ce, or 

nuclear. These variables along wifli the oiergy terms of the secondary structure are used 

to form flie modd of flie tertiary stiructure. hi modelmg the totiaiy stru<^ure, flie 

conqiutw program matohes hydrophobic feces of secondaiy structure \wfli Hke, and 

hydrophitic feces of secondary strocture wifli like. 

5-/ 
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Once the stnictuie has been generated, potraitial Ugand bindiiig legions are 
identifiedbythecomputersystem. Three^ensional structures for potential ligands are 
generated by entering amino add or nucleotide sequences or chemical fonnulas of 
compounds, as described above. TliethreeHJimcnsional structure of the potential Kgand 
is then compared to that of the GPCR-B4 protein to identify Ugands that bind to GPCR- 
B4. BindingafSmtybetweentheproteinandfigandsisdetennined using energytem^ 
detennine which Ugands have an enhanced probability of binding to the protein. 

Computer systons arc also used to screen for mutations, polymorphic 
variants, alleles and interspecies homologs of GPCR-B4 genes. Such mutations can be 
associated with disease states or genetic traits. As described above. GeneChip™ and 
related technology can also be used to screen for mutations, polymorphic variants, alleles 
and interspecies homologs. Once the variants are identified, diagnostic assays can be 
used to identify patients having such mutated genes. Identification of the mutated GPICR- 
B4 genes involves receiving input of a first nucleic add or amino add sequence encoding 
GPCR-B4, selected fiom the group consistmg of SEQ ID N0S:l-2, and 7, or SEQ E> 
NOS:3-4, and 8 and conservatively modified versions thcaBo£ The sequence is entered 
into the computer system as described above. The first nucldc add or ammo add 
sequence is fhm conapared to a second nucldc add or amino add sequaice that has 
substantial identity to the first sequence. The second sequence is entered into the 
computer system m the nianner described above. Once the first and second sequences are 
compared, nucleotide or ammo add differences between the sequences are identified. 
Such sequences can rqnesent alleUc differences m GPCR-B4 genes, and mutations 
assodated with disease states and genetic trdts. 

VnLKits 

GPCR-B4 and its homologs are a useful tool for identifying taste receptor 
cells, for forensics and paternity determinations, and for examining taste transduction. 
GPCR-B4 specific reagents tiiat specifically hybridize to GPCR-B4 nucleic acid, such as 
GPCR-B4 probes and primers, and GPCR-B4 i^ecific reagents that specifically bind to 
the GPCR-B4 protein, e.g., GPCR-B4 antibodies are used to examine taste cell expression 
and taste transduction regulation. 

Nucldc add assays for flie presaice of GPCR-B4 DNA and RNA in a 
sample include numerous techniques are known to fliose sldUed in the art, such as 
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Southern analysis, n0rihemanaly!ns,dotblots,ro*asep^^ analysis, 
ainplification techniques such as PGR and LCR, and w sflu hybridization. IninsUu 
hybridization, for example, the target nucleic add is fiberated fiom its <^lhilar 
surroundings in such as to be available for hybridization wilUn the cefl while preserving 
5 the ceUularmoiphology for subsequent inteipretati0n and analysis (see Example I). The 
foUowing articles provide an overview of the ait of w situ hybridization: Singer et al, 
Biotechniques 4:230-250 (1986); Haase et al, MeOiods in rmhgy, vol. Vn. pp. 1 89-226 
(1984); and Nudeic Add Hybridization: A Pmctical Apprvadi (Hames et al., eds. 1987). 
In addition, GPCR-B4 protein can be detected with the various hnmunoassay techniques 

10 described aibove. The test sample is typicaUy compared to both a positive control (e.g,, a 
sample espressing recombinant GPCR-B4) and a negative control 

The present invention also provides for kits for screening for modulatois 
of GPCR-B4. Such kite can be prepared fiom readily available materials and reagents. 
For example, such kite can conqjrise any one or more of the following ms^a]^- CBPCJi- 

15 B4, reaction tubes, and instractions for testing GPCR-B4 ac&rity. Optionally, the kit 
contains biologicaUy active GPCR-B4. A wide variety of kite and componente can be 
prq)ared according to the present invmtion, dependmg iqx>n the mtended user of the kit 
and tile particular needs of flie user. 

20 DL Administration and pharmaceatical compositions 

Taste modulatots can be administered dnectty to tiie mammalian subject 
for modulation of taste in vivo. Administration is by any of flie routes nonnally used for 
introducmg a moduhdor compound into ultimate contact with flie tissue to be treated 
optionally flie tongue or mouflL The taste modulators are administered in any suitable 
25 mannia:,optionaUywifliphannaceuticallyaccq)table earners. Suitable metiiods of 
admmistering such modulators are available and well known to fliose of skill in tiie art, 
and, alfliough more tiian one route can be used to administ^ a particular composition, a 
particular route can often provide a more immediate and more eflfective reaction tiian 
another route. 

Pharmaceutically acceptable caniers are determined in part by tiie 
particular composition being administered, as well as by flie particular mefliod used to 
admmister the composition. Accordingly, fliere is a wide variety of suitable fimnulations 
of pharmaceutical compositions of flie present invention (see, e.g.. Remington 's 
Phamuu^tacalSd€n(xs,\1^eA.\9i5)). 
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The taste modolaUns, alone or in combiiiatiaa with oQxa soitid^le 
componraits, can be made into aerosol fonnulations O-e., fhey can be •Nebulized") to be 
admimsteredviaiohalaticm. AetosolfiimiiMoiis can be placed into pressurized 
accqp^le propeOants, such as dichlorodifluonnnethane, propane, nitiogen, and the like. 

Fonnulations suitable for admmistration mdude aqueous and non-aqueous 
solutions, isotonic sterile solutions, which can contain antioxidants, buffos, bacteriostats, 
and solutes that raider the fonnulation isotonic, and aqueous and non-aqueous sterile 
suspoisions that can inchide suspending agents, solubilizers, thickening agoits, 
stabilizers, and presovatives. In the praptice of tbis invention, compositions can be 
administered, for example, by orally, topically, intravoiously, intr^eritoneally, 
intravesically or intrafliecally. Optionally, the coonpoations are administered orally or 
nasally. The formuktions of compounds can be presented in unit-dose or multi-dose 
sealed containers, such as ampules and vials. Solutions and suspensions can be pr^ared 
from sterile powders, granules, and tablets of the kmd previously desoibed. The 
modulators can also be administered as part a of prqpared food or drag. 

The dose admhiistaed to a patirait, in the context of ttie present invention 
should be sufficient to efifect a beneficial response in the subject over time. The dose wiU 
be detemiined by the efficacy of tiie particular taste modulators en^loyed and flie 
condition of the subject, as well as fb& body wd^ or sur&ce area of flic area to be 
treated. The size of flie dose also will be determined by flie existence, nature, and extent 
of aiqr adverse side-effects that acccmqiany the administration of a particular conqwund 
or vector in a particular subject 

In detoinining flie effective amount of flie modulator to be administered m 
a physician may evahiate drculatmg plasma levds of flie modulator, modulator 
toxicities,, and flie production of anti-modulator antibodies. In graoal, flie dose 
equivalent of a modulator is from about 1 ng/kg to 10 mg/kg for a typical subject 

For administration, taste modulators of the present invention can be 
administered at a rate determined by tiie LD-50 of flie modulator, and the side-effects of 
the inhibitor at various concentrations, as ^Ued to the mass and overall healtti of flie 
subject Administration can be accomplished via smgle or divided doses. 

All pubhcations and patait sqfiplications cited m fliis specification are 

herein incorporated by refermce as if each individual publication or patait {qiplicatioD 

were qiecifically and individually indicated to be incraporated by reforaice 
SH 
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Althougjj ibe foregomg mvention has been described in some detail by 
way of iUustration and exanq>lc for purposes of clarity of understanding, it will be readily 
apparent to one of ordinaiy drill in flie art in light of flie teachings of tfiis invention that 
certain changes and modifications be made fljereto without departing fiom the spirit 
5 or so^offliei^ppended claims. 

EXAMPLES 

The following examples are provided by way of illustration only and not 
by way of limitation. Those of skill in the art will readily recognize a variety of 
10 noncritical parameters that could be changed or modified to yield essentially sunilar 
results. 

Example I: Cloning and ex pression of GPCR-B4 

cDNA libraries made fiom rat drcomvallate and fimgiform smgle cells 

15 was used isolate the GPCR nucleic adds of the invention. 

Smgle foliate and fimgifiam papillae were isolated fiom flie rat tongue (10 
pq)i]lae each) and first stiand cDNA was prepared firan each papillae usmg singled 
library construction meOiods {see, e.g., Bonhardt et aL. J. Physiol 490:325-336 (1996); 
Dulac & Axel, Cell 83:195-206 (1995)). 20 different cDNA populations were assayed fas 

20 tiiose positive for a taste recqitor marira (TCP #1, also known as clone 27-59; see patent 
application attorney docket no. 02307E-084200. filed July 28, 1998) to ensure that the 
cDNA was fixMn taste receptor cells. The cDNAs were also screened with GPCR-B3, a 
G-protein coupled receptor clone (see USSN 60/094,465, filed July 28, 1998). Three 
positive p^illae were identified and used as a source of cDNA for PGR amplifications 

25 using degenwate primers designed to encode motife higjily consaved amongst 

VR/mGluR/CaST/GPCR-B3 receptors. Preferred primers came fiom the area between 
transmembrane domains 6 and 7: [Y/N]FNEAK (SEQ ID N0:9) and PKCY[W]I (SEQ 
ID NO: 1 0). Degenerate PGR products were subcloned into a Bluescript vector as Hindm 
fragments, and 52 PGR products were sequraices. Twenty of these products corresponded 

30 toGPCR-B3. 8 ofthe products encoded a novel GPCR-B4 sequence. 

Mouse interspecies homologs of CTGR-B4 were isolated using the rat 
GPGR-B4 clones as probes for genomic and cDNA Hbraries. The nucleotide and amino 
add sequences of GPCR-B4 are provided, respectively, in SEQ ID N0:l-2, and 7 and 
SEQIDNO:3-4,and8. 

SS 
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Taste cell spedBc expiesdon of GPCR-B4 is confinned uang flie clones 
as probes for in situ hybridization to ttmgue tissue sections. All clones demonstrate 
specific or ptefoenlial expression in taste buds. 

5 Example H: GPCR is a taste tra psductioii recep tor 

The distinctive topogr^hic distribution of GPCR.-B4 and flie behavioral 
representation of bitter transduction suggest a correlation between flie sites of expression 
of B4 (circumvallate papillae, but not fungifonn or geschmackstreifen) and bitter 
sensitivity. To determine the ligand selectivity of GPCR-B4, expression in heterologous 

10 cells was used. One issue for GPCR expression m heterologous cells is d^ennining how 
to couple the GPCR to a G-protein and an appropriate signaling pathway, hi tins 
example, the G-protein siibunit GalS was used, which promiscuously coi^les a wide 
range of GPCRs to die phoq>holq)ase C-mediated signaling pafliwj^ (Offemums & 
Simon, J. Biol Chem. 270:15175-15180 (1995)). Consequently, receptor activity can be 

15 efifectively measured by recording Ugand-induced changes in [Ca**]i using fluorescent 
Ca^-indicator dyes and fhiorametric imaging. 

To insure expressicm of GPCR-B4 in the plasma membrane, a variety of 
cell lines and expression vectors were tested. As a control for these studies, tiie cells were 
tiansfected with a m a mm a li a n Y^iod recq)tor, tiiis receptor does not normally couple to 

20 PLC, so all agonist-induced changes in [Ca^i reflect couphng through Gal5. An HEK- 
293 line expressing SV40 T-antigen was co-transfected with a TK-Gal5, CMV-y-opiod 
and a pEAK-10 episomal vector (Edge Biosystems) containing a EFla-[B4-GPCR] 
construct. Transfection efficiencies were detomined using CMV-GaT» constructs. 
Control cells expressmg y-opiod/ Gal5 re^nd robustly to DAMGO (a y-opiod agonist), 

25 but do not respond to sweet or hitter tastants, or unrelated agonists (data not shown). 
These responses are dq)ei]dmt on Gal5, and have flie iq>propriate tenq)oral resolution, 
witii r^id onset foUowing {plication of die stimiflus. Notably, cells ejqiressing 
B4/Gal5 or B4/Gal5/ir-opiod respond to tiie well characterized bitta- tastant 
phenylfliiocaibamide (PTQ, but not to any of a number of natural or artificial sweeteners. 

30 This activity is entirely B4 recqrtor dependent, and occurs at physiologically relevant 
concentrations of PTC (300 pM-5 mM). 

These results suggest GPCR-B4 is involved in bitter taste transduction, 
and provide an exprarimoitdly tractable system for fiiture experiments, including studies 
S6> 
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of tastant q)ecificity and selectivity, the de&ntion of flie native bitter Mgnaling pathway, 
and perhaps understanding the molecular basis of human psychophysical studies 
demonstrating dramatic differences in PTC tasting between "tastera" and •'hon-tasters." 
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1. An isolated nucldc add encoding a sensoiytiai^ 

coupled receptor, the receptor compiising greater than about 70% amino add identity to 
5 an amino add sequence ofSEQ ID N0:1,SEQ ID N02, or SEQ ID NO:7. 

2. The isolated micldc add of claim 1, wherein the nucldc add 

encodes a receptor that spedfically Wnds to polyclonal antibodies generated against SEQ 
ID N0:1, SEQ ID N0:2, or SEQ ID N0;7. 

10 

3. The isolated nucleic acid of claim 1, wherein the nuddc add 
encodes a receptor that has G-coupled protein recq>tor activity. 

4. The isolated nucldc add of clahn 1, vdiodn the nuddc add 

15 encodes a receptor comprising an ammo add sequence of SEQ ID NO:l, SEQ ID NO-^, 
orSEQIDNO:7. 

5. The isolated nucldc add sequence of claim 1, wherein the nucldc 
add conqnises a nucleotide sequence of SEQ ID NO:3, SEQ ID N0:4, or SEQ ID N0:8. 

20 

6. The isolated nucldc add of claim 1, ^tiierem the nucldc acid is 
fiom a human, a mouse, or a rat 

7. The isolated nucldc add of claim 1, whetdn the nuddc add is 
25 amplified by primers that sdectively hybridize under shingent hybridization conditio 

the same sequence as degoioate prima: sets encoding amino add sequences sde(^ 
fiom the group consisting o£ 

SAGGPMCFLM (SEQ ID N0:5) and 

WMRYHGPYVF (SEQ ID NO:6). 

30 

8. The isolated nucldc acid of claim 1, whoein the nucleic acid 
encodes a receptor having a molecular wdgjit of about hetwem 92 kDa to about 102 kDa. 
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9. An isolated micldc add encoding a smsoiy ttansdocdcm Gr-prot^ 
coTipled receptor, wherein flie nucleic acid specifically hybridizes under hi^y sfringent 
conditions to a nucleic add having the sequence of SEQ ID N0:3, SEQ ID N0:4, or SEQ 
IDN0:8. 

10. An isolated nucldc add oicoding a soisoty transduction G-protein 
coupled receptor, the receptor conq)rising greater than about 70% amino acid identity to a 
polypeptide having a sequence of SEQ ID N0:1, SEQ ID N0:2, or SEQ ID NO:7, 
wherein the nucleic acid selectively hybridizes under moderately stringent hybridization 
conditions to a nucleotide sequence of SEQ ID N0:3, SEQ ID N0:4, or SEQ ID N0:8. 

11. An isolated nucldc acid encoding an extracellular domain of a 
sensoiy transduction G-protdn coupled receptor, the extracellular domain having greater 
than about 70% amino add sequence identity to the extraceUular domain of SEQ ID 
N0:1. 

12. The isolated onddc add of claim 11, wherran the nuddc add 
encodes tibie exiiacelhilar donudn linked to amicldc add encoding a heterologous 
po^^tide, forming a diiineric polypeptide. 

13. The isolated nucldc add of claim 1 1, wherdn tiie nucldc add 
encodes fiie extracellular domain of SEQ ID N0:1. 

14. An isolated nucldc add encoding a transmembrane domain of a 
sensory transduction G-protdn cotq>led receptor, the transmembrane cbmain conq)rising 
greater than about 70% ammo acid sequence identity to the transmembrane domain of 
SEQ ID NO: 1. 

1 5 . The isolated nucleic add of claim 14, wbetem nucleic acid encodes 
the transmembrane domain linked to a nucldc add encodmg a heterologous polypeptide, 
forming a chimeric polypeptide. 

16. The isolated nucleic add of claim 14, wherein (he nucldc add 
^codes the transmembrane domain of SEQ ID N0:1 
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17. The isolated nucldc acid of claim 14, wherein the nucleic acid 
further encodes a cytoplasmic domain comprising greater than about 70% amino acid 
idmtity to the cytoplasmic domain of SEQ ID N0:1. 

5 

18. The isolated nucleic acid of claim 17, wherein the nucleic add 
encodes the cytoplasmic domam of SEQ ID NO: 1 . 

1 9. An isolated sensoiy transduction G-protdn coupled iecq)tor, the 
10 recq)torcomprisinggreaterthanabout70%aminoaddsequenceideQtitytoana^ 

add sequence of SEQ ID NO:l, SEQ ID N0:2, or SEQ ID N0:7. 

20. The isolated nceptar of claim 19, wherein the lecqrtor spedfically 
Wnds to polyclonal antibodies generated against SEQ ID N0:1, SEQ ID N0:2. or SEQ ID 

15 N0:7. 



21. The isohted receptor of claim 19, wherem the receptor has G- 
protdn coiq)led receptor activity. 

22. The isobted recq)tor of claim 19, wherein the receptor has an 
amino add sequence of SEQ ID NO:l, SEQ ID N0:2, or SEQ ID NO:7. 

23. Theisohitedrecq)torofclaiml9,wheidn1herecq>torisfioma 
human, a rat, or a mouse. 

25 

24. An isolated polypeptide comprising an extracdlular domain of a 
sensory transduction G-protdn coupled recqitor, the rartiacelhilar domain comprising 
greater than about 70% amino add sequence identity to the extracellular domain of SEQ 
IDNO:l. 

30 

25. The isolated polypeptide ofclaim 24, wherein the polypeptide 
raxcodes the extracellular domain of SEQ ID N0:1. 



^0 
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26. llie isolated polypq)tideofclaim 24, whfiodn the esdiacelMa^ 
domain is covalently linked to a heterologous polypq)tide, fonmng a chim^c 
polypeptide. 

27. An isolated polypeptide comprising a transmembiane domain of a 
sensoiy transduction G-protdn coiq)led recq)tor, the transmembrane domain conqnising 
greater than about 70% amino add sequence identity to the transmembrane domain of 
SEQIDN0:1. 

28. The isolated polypq)tide of claim 27, wherem the polypeptide 
encodes the transmembrane domain of SEQ ID N0:1. 

29. The isolated polypq>tide of claim 27, fiirflier comprising a 
cytoplasmic domain conqmsing gieater than about 70% amino add identity to die 
(^rtoplasmic domain of SEQ ID N0:1. 

30. The isolated polypeptide ofclaim 29, whodn the po]ypq)tide 
encodes the cytoplasmic domain of SEQ ID N0:1. 

31. The isolated polypq)tideofclaim 27, whoein the trananembnme 
domain is covalently Snked to a heterologous polypqitide, fimning a dtimeric 
polypq>tide. 

32. The isolated polypqitide of claim 31, ^^iradn the diimeric 
polypqitide has Gr-protdn coupled recqttor activity. 

33. An antOrady that selectively binds to the recqitor of claim 19. 

34. An expression vector comprising the nucleic acid of claim 1 . 

35. A host cell transfected with the vector of claim 34. 

36. A method for idmtifying a conqKtund that modulates sensory 
signaling in s^oty cells, the method comprising the stsps of. 
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(i) contacting &e compound with a polypeptide comprising an 
ejctraceUular domain of a sensory transduction G-protein coupled receptor, the 
extraceUular domain comprising greater than about 70% amino acid sequence idaitity to 
flie eJdiaceUular domain of SEQ ID NO: 1, SEQ ID NO:2. or SEQ ID N0:7; and 

(ii) determining flie fimctional effect of the compound vpoa the 
extracellular domain. 

37. TT» method ofclaim 36, whcnsin the polypeptide is a sensQiy 
transduction Giirotem coupled receptor, flie receptor conpising greater flian about 70% 
amino add idaitity to a polypqjtide encoding SEQ ID N0:1, SEQ E) N0:2, or SEQ ID 
N0:7. 

38. The meflwdofclaim 37, wherein polypq)tide comprises an 
extracelhilar domain tiiat is covalentty linked to a heterologous polypeptide, forming a 
chimeric pofypeptide. 

39. The method ofdaim 37 or 38, wherran flie polypqitide has G- 
protem coiq)led recq)tor activity. 

40. The mefliodofclaim 36, wheran flie extracellular domain is Mnlod 
toasolididiase. 

41. The mefliod of chum 40, wherein flie extracelhilar domain is 
covaloifly linked to a solid phase. 

42. The mefliod ofcham 37 or 38, wherein flie functional effect is 
determined by measuring changes in intracellular cAMP, IP3, or Ca^. 

43. The mefliod of claim 36, wherein flie functional effect is a chemical 



44. The mefliod ofclaim 36, wherein flie fimctional effect is a chfflnical 
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45. Theinefliodofclaim36,wheranlhefiiiKdio!nal^^ 
detennined by measuring bmdiiig of the compoimd to the ejrtracenular domain. 

46. The method ofclaim 36, wherein the polypq)tide is recombinant 

47. Themefliodofclaim36,whereinthepolypqrtideisfiomarat,a 
mouse, or a hinnan. 



48. The method ofclaim 37, wheremflje polypeptide comprises an 
10 amino add sequence of SEQ ID NChl, SEQ ID NOa, or SEQ ID N0:7. 

49. Hie method ofclaim 37 or 38, wherwn the polypeptide is 
eaqnessed in a cell or cell monbrane. 



15 



50. Themethodafclaim49,wherdntheceIlisaeukaiyoticceIL 



51. A m^od for identifying a compound that modulates s 
lensory cells, the method conq)rising the steps of: 

(i) contacting the compound with a polypeptide comprising an 
20 extracellular domain of a sensory transduction G-protein coupled recq)tor, the 

transmembrane domain comprising greater than about 70% amino acid sequence identity 
to the extraceUular domain of SEQ ID N0:1, SEQ ID NO:2, or SEQ ID N0:7; and 

(ii) determining the functional efEect of die compound upon the 
transmembrane domain. 

25 

52. Themelhodofclaim51,whereinthepolypq)tideconqjrisesan 
transmembrane domain that is covalently linked to a heterologous polypqitide, foiming a 
chimeric polypq)tide. 

53. The method of claim 52, wherein the drimaic polypeptide has G- 
protem coiq)led recq)tor activity. 

54. The method ofclaim 51, M^ierein the functional effect is 
ddamined by measuring changes in intracelhilar cAMP, IP3, or Ca^ 

^3 
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55. The method of claim 51, whodn the funcdonal effect is a diemical 

effect. 

5 56. Theme&odofclaimSl^wheimlbefunctioiuileffectisaphysical 

effect 

57. ThemefhodofclaimSl,wherdn&epolypq)tideisrecainbinanL 

10 58. The method ofclaim 51, \iAaeinttie polypeptide is fix»n a rat, a 

moiise,ora 



59. Themethodofclaim51or52,\viiexdnfliepo]ypq)tideis 
expressed in a cell or cell mranbrane. 

15 

60. The method of claim 59, wherein the cell is a eukaryotic cell. 

61 . A mediod of making a soisoty transduction G-protein coiq)led 
recq)tor, the method comprising the step of expressing ttie recqitor fiom a recombinant 

20 expression vector comprising a nucleic acid encoding the receptor, wherein the amino 
acid sequence of the receptor comprises greater than about 70% amino acid identity to a 
polypeptide having a sequence of SEQ ID N0:1, SEQ ID N0:2, or SEQ ID N0:7. 

62. A method ofmaldng a recombinant cell cooqirising a sensory 
25 transduction &proteincoiq)ledrecq}tor, the meUiodoonqmsiiiglfaes^ oft 

tiie cell with an expressitm vector conpising a nocldc add encodin g mceptat, 
whoein the amino add sequoice of flie recqitor conqnises greater than about 70% amino 
acid identity to a polypeptide having a sequence of SEQ ID N0:1, SEQ ID N0:2, or SEQ 
IDN0:7. 

30 

63 . A method of making an recombinant expression vector comprising 
a nucleic acid encoding a sensory transduction G-protein coiq)led receptor, die method 
comprising the step of Ugating to an expression vector a nucldc acid oncoding the 
recq)tor, v/hcsKm the ammo add sequraice of the recqitor comprises greater than about 



70% amino add idaitity to apolypqrtide having a sequence of SEQ ID NO:l, SEQ ID 
Na2,orSEQIDNO:7. 
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45. The method of clahn 36. wherein the functional effect is 
detemiined by measuring binding of the compound to the extraceUular domain. 

46. The method ofclann 36, wherein the polypq,tide is recombinanL 

47. The method ofchum 36, wherein die polypq)tide is fiom a rat, a 



48. TTiemethodofclaim37,whaxanthepolypqitidecoii5^ 
amino add sequence of SEQ ID NO: 1, SEQ ID or SEQ ID N0:7. 

49. The method ofchrim 37 or 38. wherein the polypqrtide is 
e;q)ressed in a ceil or cell monbrane. 

50. The method ofclaim 49, wherein the ceU is a eukaiyoticcelL 

51. A method for identifying a compound (hat modulates saisory 
signalmg m sensory cells, the method omqirising the stqia o£ 

(i) contactmg the compound with a polypeptide conqnismg a 
e domain of a sensory transduction Gprotdn coiq}led iecq)tor, the 

lain conqnising greater dian about 70% ammo add sequence identity 
to the transmembrane domain of SEQ ID N0:1, SEQ ID N0:2, or SEQ ID NO:7; and 
00 drtenninmg die fimctional effect of the compound upon die 



25 

52. The mediod of clahn 51, wherein die polypq)tide comprises an 
transmembrane domam duit is covalently hnked to a heterologous polypeptide, foraung a 
chuneric polypqrtide. 

53. The method of claun 52, wherein die chuneric polypeptide has G- 
protein coupled recq)tor activity. 

54. The mediod ofcUiun 51, w^erdn die fimctional effect is 
detrammed by measuring changes m inttacellular cAMP, IP3, or Ca^ 

66 



AMENDED SHEET (ARUCO: 19) 



SEQUENCE LISTING 

Rat GPCR-B4 amino acid s eQuence-SHO m NO T 

MGPQARTLO^SIiLHVLPKPGKLVENSDFHIAGDYLIXSGLFTLH^^ 

KCNEFTMKVLGYinj4QAMRFAVEEINNCSSIiPGVm;YEMVDVCnfLS^ 

DDDLLPILKDYSQYMPHWAVIGPDNSESAITVSNILSHFLIPQITySAISDKLRDKRHF 

PSMIJlTVPSATHHIEa^QIJmiFQWNWIVVLVSDDDYGRENSHIiSQRLTKrSDICIAP 

QEVLPIPESSQVMRSEEQRQUDNIIJJKMaiTSARVVVVPSPBLSLYSFEHEVIJlWNFTQF 

WIASESWAIDPVIJDJLTBIJttmHTLGVTIC^^ 

TTCNQDCmciOTTKSENNILILSGERVVYSVySAVYAVaiDl^^ 

PWQLOlEIWHVNFTIJiGNRLFEDQQGDMPMIJJJIIQWQWDLSQNPFQS 

YINNVSWYTlMNTVPVSMCSKSCQPGQMKKSVGIflPCCFEC^^ 

SCTGSMWSYKNDITOPQRRPTFIBWHEVPTIVVMLaAM 

RSAGGPMOnMLVPIJJAFGMVPVYVGPPTVFSCFCRQAPPTVCTSI 

CVFKMARRLPSAYSFWMRYHGPYVFVAPITAIKV3^WG^MIATO 

IMCnffiNYRNGIiLFNTSMDIJiSVrCFSFAYMGKEIJPTtr^ 

CriTMSVHIXSVLVTIMDnLVTVIiNFIJUiGLGYFGP 

RKS 

Mouse GPCR-B4 amino aci d seQiience-?n?n m Wf) ■> 

MGPQARTIflliFLIJJIALPKPVMLVGHSDPHIJWa^^ . 
KCNEYNMKVLGYNIJISJAMRPAVEEimCSSIiPGVI^^ 

IDDFIJ»ILKDYSQYRPQVVAVIGPDNSESAITVSNILSYFLVPQVTYSAITDKLQDKRRF 

PAMLRTVPSATHHIEAMVQLMVHFQWNWIVVLVSDDDYGRENSHLLSQRLTNTGDICIAF 

QEVLPVPEPNQAVRPEEQDQLDNILDKLRRTSARVWIFSPELSLHNFFREVLRWNFTGF 

WlASESWAIDPVLHNLTEIjaCTGTFLGVTIQRVSIPGFSQPRVimDKPGYRMPNETS^ 

TTCWQDCI)ACMNITESFimiJ4LSGERVVySVYSAVYAVAHTIJIRIJ^ 

PWQIJ^IVfflVNFTLIX3NQLFFDEQGDMPMLIJDIIQWQWGLSQNPFQSIASYSPTETI^ 

YISNVSWYTPNNTVPISMCSKSCQPGQMKKPIGLHPCCPECVDCPPlJmjniS™ 

SCPGSMWSYKNNIACFKRRIAFLEWHEVPTIVVTILAAI/SFISTIJLtlilFWRHPQT 

RSAGGPMCPLMLVPLLIAFGMVPVYVGPPTVFSCFCRQAFFTVCFSVCLSCITVRSFQIV 

CWKMARRLPSAYGFWMRYHGPYVFVAFITAVKVMiVAGNMLATTINPIGRTDPDDPNII 

ILSCHPNYRNGIiPNTSMDIJiSVLGFSPAYVGKELPTJrasIE^ 



^^^"^^ PCT/US99/I7104 
CTPMSVHDGVLVTIMDII.VTViaiFIjy:GLGl^ 



Rat GPCR-B4 nncleotide s eaueace-SEO TP MO;? 

CACTTTGCTGTCATGGGTCCaaM3GC3VAGGACACT 

GTTCTGCCTAAGCCA(3(XaWM3CTGCT^ 

CTccTOGGrnxsccTcrnTA^ 

CTGCAGGTGOXaAGTGCaATGftGTTCACCaTGa^ 
GaaVTGasmCGCEGTGGaWSGaGATCaA^ 

TTCCTGGOiaMSGACGaCXaCCrcCT^ 

CACXSTGGTGGCTGTCATTGGCaXSGAC^ 

CTCTCTCaTTTCXriXaiTCCCAa^TCA 

AAGaXXaCTTCCCTAGCATGCTACGKa^ 

ATGGTGOiGCrimTGGTTCACTTCCAATGGB^ 

GATTAOMCXXSaSAGaACAGraajECa?^ 

TGCATTGCCTTCCaGGS^SGTTCTGCaS^TACC^^ 

GAGCAGAGAC3iACCGGACAACATCCriXX3ACAAGCT 

GTGGTGTTCTOKICKraAGCimGCClXnATAGC^ 

TTCACmSTTTTGTGTGGATCGCCTCrGAGTCCTGGGCrATC 

CTCaCGGAGCTGCGCCACACGGGTACrTTTCimSCGTavCaVTC^ 

CCTGGCITCy^GTCAGTTCCGAGTGCGCCGTGACa^GCCAGGGTATCCCGTGCCTAACACG 

ACCAACCTGCGGACGACCTGCAACCAGGACTGTGACGCCTGCTTGAACACCACCAAGTCC 

TTOUkCAACATCCraATACTTTCGGGGQAGCGCGTGGTCTACAGCraTGTAOTCG^ 

TACGCGGTGGCCCATGCCCTCCACAGACTCCTCGGCTGTAACCGGGTCCGCrGC^ 

CAAAAGGTCTACCCGTGGCAGCTACTCAGGGAGATCTGGaiCGTCAACI^^ 

GGTAACCGGCTCTTCTTTGACCAACa^GGGGACa^TGCCGATGCTC^^ 

TGGCAGTGGGACCnmGCCAGAATCCCTTCCAAAGaiTCXKICrCCTATO 

AAGAGGCTAACCTACATTAACaATGTGTCCnMTACACCCCCAACS^CA 

TCCATGTGTTCCAAGAGCTGCCaGCa^GGGa^TGAAAaAGTCTGTGGGC 

TGTTGCTTCGAGTGCrmSGATTGTATGCCAGGCA 

TTTAACTGTCTGTCCTGCCaSGGTTCCATGTGGTCCTAO^ 

CAGCGGOSGCCTACCTTCCTGGAGTGGCACGAAGTGCCCACCATCXSTGGTG^ 

GCTGCCCTXSGGCTTCTTCAGTAa^CTGGCCATTCTTTTCATCOT 



WO00A>6593 
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ACACCCATGGTGOKrrCSGCCGGTGGCCCCATGTGCP^^ 

CTGGCGTTTGGGATGGTGCCXX3TCTATGTGG!GGCCCCX:CACGGTC^^ 

CGAC^GGCTTTCTTCy^CCGTCraOTCTCCATCTCCCTATCCT^ 

TTC(:AGATCGTGTGTGTCTTCAAQATGGCCAGA(XICCri^C^^ 

ATGCGTTACCACmKICCrATGTCTTCXSTGGCCTTCATC^^ 

GTGGTGGGO^CaTGCTGGCCaCCACCATCaACCCa^TT^^ 

CCCAACaTCATGATCCTCTXSSKKICA^ 

AGCATGGACTTGCTGCPGTCEGT^^ 

CCCACaVACTACaACS3AAGa3VflGTTCATCACT 

TCCATCTCCCTCTGCACCTTC31TGTCTC 

CTCCTXSKSrCACEGTGCT^^ 

TACATGATarnTTCTACCmS^^ 

GGCTACAa^^TGaVGOaAGSMKnaUOTCmX: 

A<SOTAATGGTGTTCCTCTG(XATTCTCTGC^^ 

TAAAATACXXaTGATGO^CTCKXICCd^^ 

CaCCa^CTTATAGATGSWU^CCACCaAGGaXX^ 

TGaaTCTOGTGGTCACaGTGaMKACATGO^ 

GTGGCTA6TGGCTGTGa£3GCXaGATGTTO 

AAACTTCCCTCXXSGTGAAAAAAAAAAAAAAAAAAAAAAAAAAAAflAAAAAAAA 
Mouse GPCR-B4 nucleoti de seaaence-SEO ID NO:4 

ATGGGACCCCAGGCGAGGACACTCCATTTGCTGTTTCTCCTGCroCATGCTC^ 

CCAGTCATGCTGGTAGGGAACTCCGACTTTCACCTGGCrGGGGACTACCT^^ 

CTCTTTACCCTCCATGCCAACGTGAAGAGTGTCTCTCACCTCaGCTACCTG^^ 

AAGTGCAATGAGTACAACATGAAGGTGTTGGGCTACS^CXrraiTGCAGGC^ 

GCCGTGGAGGAAATCAACAACTGTAGCTCTTTGCrKK:CCX3GC» 

ATGGTGGATGTCTGCTACCTCTCa^OATATCCAGCCTCGGCr^ 

ATAGATGACTTCCKKJCCATCCTCaAAGACTACAGCCaGTACa 

GTTATTGGCCCAGACAACTCnxaGTCTGCCATCACCGTGTCCAACAT^ 

CTC3GTGCCaa«3GTCACATATAGaK:a^TCACCGAaW^^ 

CCTGCC3^TGCTGaK3VCTGTGCCCAGCGCCACCCACCACATC^ 

ATGGTTOVCTTCCAGTGGAACTGGATCGTGGTGCTGGTGAGC^ 

GAGAACAGCa^CCTGCTGAGCCAGaSTCTGACaU^CACT^^ 
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<aGGAGGTTCnXK:CC»TACCAGAACCCAA(XAGGCTCTGAGGCCTGAGGA 
CTGGACaACATCCTGGAOVAGCnXSCGGCGGACTT^^ 
CCGGAGCTGAGCCTGCACAACTTCTTCCGTG3U3GTGCTGCGCTGGAAOT 
GTGTGGATTGCCTCrOAGTCCTGGGCCATCGACCCTGTTCTACACSU^COT 
5 CGCCACACGGGCACTTTCCTGGGTGTCACaVTCCaGAGGGTGTCCATCCC^^ 
CAGTTCCGAGTGCGCCATGACAAGa^GGGTATaXATGOT 
ACTACCTGTAACCaGGACTGaSACXKICKKa 
CTCATGCTTTOSGGGG&GCGTGTGGTCTACaGCGTOT^ 

cacacccrracAQACTcxrrccacT^^ 

10 CCaTGGCAGCTACTCaGGGACJATCTGGCa 

TTCTTCGAaSAACAAGGGGACATGCmiTGC^^ 

CTGAGCXAGAAOICCTEaaiAAGCATCGCC^^ 

TACATTAGCa«lTGTGTCCIGGlACACCCX:CaA(^ 

Aa(3AGTTGCXaGCCTGGGCAAATGaAAAAACCCATAGG^ 
15 TGTGTGGACTGTaX3CXX3G&CaCCT^ 

TarroCCCMGGTTCa^TGTGGTCTTAC^^ 

GCCTTCCTGGAGTGGC3WX3AAGTGaxaCJ^ 

TTCATCaGTAC!GCR3GCXaTTCTXTCaT^^ 

CX3CTaKKX3GGCGGCCCX3^TGT6CTTOC^ 
20 ATGGTCCCa3TGTATGTGGGCCaXXX3lCX3GTCTTCTCC^ 

TTCACCGTTTGCTTCTCXXOTCTGCCTCTCCTGCAT^ 

TGCGTCTTCSVAGATGGCO^GACGCCIXXICAAGCGCCTACGGTTO 

ATGCTGGCCa.CCACCATCAACCCCATTGGCa3GACCGACCCC6ATGACCCCAATAT(^^ 
25 ATCCTCTCCTGCCACCCTAACTACasa^aSGGCTACrcTTCAACACC^^ 

CTGCTGTCCGTGCTGGGTTTCAGCrrTCGCGTACGTGGGa^GGAACTOCCCSlCC^ 
AACGAAGCOU^GTTCATCACCCTCaGCATGACCITCTCCTTCACCTCCT^ 
TGCACGTTCATGTCTGTCCACQATGGCGTGCTGGTCACCATa^TGGATCTCCT^ 
GTGCTCAACTTTCTGGCCATCGGCnTGGGGTACTTTCGCCCCAAATCT^^ 
30 TTCTACCCGGAGCGCAACACTTCaGCTTATTTCaATAGCATGA 
AGGAAGA6CTAG 



4 



Mwm C^CR-B4 amino acid .seouence-SRO m NO;? 

ITYSAISDEIJUDKVRPPMJ^TTPSADHHVEAMVQIJttJIFRWNWII^^ 

IJ^GERYA^U^DICIAFQETIJ>TLQPNQNMTSEERQRLVTIVDKLQQSTARVVVVFSPDLTL 

YHFFNEVLRQNFTQAWIASESWAIDPVIJINLTEMHLGTP1/3ITIQSVPIPGF 

GPQAGPPPLSRTSQSYTOIQECDNCIJlATLSFNTIIJU^SGERVVYSVySAVYAVaHftlJIS 

IJ:.GCI)KSTCTKRVVYPWQIJ^IWKVNFTLIJ)HQIPFDPQGDVaii^ 

FQSVASYYPLQRQLKNIKTSIJITVNNTIPMSMCSKRCQSGQKKKFVGIHVCCFECIDC^^ 

GTFUraTECPNNEWSYQSETSCPKRQLVEIBWHEAPTIAY^^ 

HFQTPIWSAGGPMCFIMLTIJiVAYMVVPVYVGPPKVSTaWa^ 

WSFQIVCMKMASRFPRAYSYWVRYQGPYVSMAPITVIJMVIWIGSnJU^ 

DDPKITIVSCNENYIWSLI.ENTSIJ3IJJ.SVVGFSFAYMGKELPT^^ 

TSSVSICTBMSAYSGVLVTIVDLLVTVIJmAISIfiYFGPK^^ 

IQGYTMRRD 



ffimia n fipCR-B4 nodeotide seniience~sm m WO-K 

ATCACCTACAGOKXATCAGCmTGAGCTXKX^ 

CGTACCACACCC3lSraCCGACaMXAa3TCGAG^ 

aSCTXSGAACTGGATCATTGTGCTGGTGA^^ 

CTGCTTGGCXHM3CG(KTGGCC^^ 

ACacrraCAGCCC3UU:CAGAACATGACGTCAGAGGZWa^ 

QACAAGCTGCAGOiQAGCACAGaSCGCBTaS^ 

TACCACTTCTTTCSU^TGAGGTGCTGOG^ 

QAGTCCTGGGCa^TCQACCCGGTCCTGavCSACCTCSlCGGAGCTGG^ 

TTCCTGGGCATCACCATCCAGAGCGTGCCCATCCCGGGCTTCAGTGAG 

GGCCCS^CAGGCTGGGCCGCCACCCCTCaGCaGGACCAGCa^GAGCTATACCTGCAACCAG 

QAGTGCma^CTGCCTQAACGCCACCTTGTCCTTCAACACCaiTTCTCATC^ 

GAGCGTGTCGTCTACAGCGTGTACTCTGCGGTCTATGCTGTGGCCCATGCCCTGCACAGC 

CTCCTCGGCTGTGACAAAAGCACCTGCACa^GAGGGTGGTCTACCCCTGGCAGCTGCTT 

GAGGAGATCTGGAAGGTCAACTTCACTCrCCTGGACCACauVATCTTCTTaSACC^^ 

GGGGACGTGGCTCTGCACTTGGAGATTGTCCAGTGGCAATGGQACCGGAGCCAGAATCCC 

TTCCAGAGCGTCGCCTCCTACTACCCCCTGOVGCGACAGCTGAAGAACATCAAGACATCT 

CTGCAavCCGTCAACAACACGATCCCrATGTa:ATGTGTTCCAAGAGGT^ 

CAAAAGAAGAAGCCTGTGGGCATCCACGTCTGCIXKnTCGAGTGC^ 

GGCACCTTCCTCaACO^CACTGAATGCCCGAATAACGAGTGGTCCT^^ 
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TCCTGCTTOW^GCGGCAGCTXSGTCTTCCTGGAAT^^ 

GCCCTGCK3GCCGCCCTGGGOTCCTCAGCACCCTGGCCATCCTGGTm^ 

CACTTCCAGACaCCCATAGTTCGCTCGGCTGGGGGCCCCATGTCCTTC^^ 




GTGCGTTCm^CCaGATaSKrrGOKIOT 

AGCTACTGGGTCCraCTACCaGGGGCCCTACGTCT^ 

ATGGTCATTGTGGTAATTGGCSmKrKS^^ 

GATGACOXaAGATCacaATTGTCTCCTG^ 

AACaCCAGCCRSGACCraCKKTCTC^^ 

GAGCreCCCACC3UlCTACaACM3^GGCCAAGTTC^ 

AccTC3VTCXBTCTa:cTcrracaan^ 

GTGGACCTCTTGGTCaCTGTGCrCaACC^^ 

AAGTGCTACaTGATCCTCPTCTACCra3GAGCX3^ 

ATCC3M3GGCTAC3«XaTGA!GGSiGGGACTaG 
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